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REAL PARTY IN INTEREST 



The present application has been assigned to the following party: 

Samsung Electronics Co., Ltd. 
416 Maetan-dong, Paldal-gu 
Suwon-si, Gyeonggi-do 
Republic of Korea 
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RELATED APPEALS AND INTERFERENCES 



The Board's decision in the present appeal will not directly affect, or be directly affected, 
or have any bearing on any other appeals or interferences known to the Appellant, or to the 
Appellant's legal representative. 
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STATUS OF CLAIMS 



Claims rejected: 1, 5-7, 10, 16 and 22 

Claims allowed: 2-4, 8-9, 11-15, 17-21 and 23-24 

Claims appealed: 1 , 5-7, 1 0, 1 6 and 22 
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STATUS OF AMENDMENTS 
No amendments were filed subsequent to final rejection. 
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SUMMARY OF THE CLAIMED SUBJECT MATTER 



Claim 1 is directed to a television receiver capable of receiving a digital television (DTV) 
signal. An embodiment of such a receiver is illustrated in Fig. 2 and described in the 
specification at page 4, line 18 through page 5, line 13. Specifically, claim 1 recites a DTV 
received signal processing path 210 (page 4, line 19); an analog television signal rejection filter 
240 to filter one or more spectral components from the frequency spectrum of a received signal 
(page 4, line 21); a sync signal detector 250 to detect the presence of analog television signal 
synchronization pulses within the frequency spectrum of the received signal (page 4, lines 11-15; 
page 5, lines 6-8); and switching circuitry 260 to include the analog television signal rejection 
filter in the DTV received signal processing path when the sync signal detector detects the 
presence of analog television signal synchronization pulses within the received signal (page 5, 
lines 8-12). 

Claim 16 is directed to a method of processing a digital television (DTV) signal. An 
embodiment of such a method is illustrated in Fig. 2 and described in the specification at page 4, 
line 18 through page 5, line 13. Specifically, claim 16 recites detecting analog television 
synchronization signals within the frequency band of the DTV signal, when such synchronization 
signals are detectable within the frequency band of the DTV signal (page 4, lines 1 1-15; page 5, 
lines 6-8); determining, from the detected analog television synchronization signals, whether an 
analog television signal is present within the frequency band of the DTV signal (page 5, line 8); 
and when it is determined that an analog television signal is present, filtering the DTV signal 
through an analog television signal rejection filter prior to decoding the DTV signal in response 
to the determination that an analog television signal is present (page 5, lines 8-12). 
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GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



Rejections under 35 U.S.C. § 102(e) 
Whether claims 1, 5-6, 10, 16 and 22 are unpatentable under 35 U.S.C. 102(e) as being 
anticipated by U.S. Patent No. 6,396,542 ("Patel"). 

Rejections under 35 U.S.C. § 103(a) 
Whether claim 7 is unpatentable under 35 U.S.C. 103(a) as being obvious based on Patel. 
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ARGUMENT 



Rejections under 35 U.S.C. § 102(e) 

Claim 1 

Before turning to the specifics of claim 1, Appellant has the following preliminary 
remarks. As explained in the Specification, Digital Television (DTV) signals may be broadcast 
in the same channel space as conventional analog television signals. Thus, a DTV receiver may 
receive both the desired DTV signal as well as a relatively strong but undesired analog television 
signal. (Specification, page 1, line 13 through page 2, line 6.) When an analog television signal 
occupies the same channel space as a DTV signal, the analog signal can produce interference that 
degrades the DTV reception. Therefore, it is desirable to pre-filter the received DTV signal with 
an analog signal rejection filter to remove predictable components of the analog signal. 
(Specification, page 2, lines 16-19.) 

However, in addition to filtering out the undesired analog signals, an analog signal 
rejection filter also slightly degrades the desired DTV signal. Therefore, if no analog television 
signal is present, it is preferable to not use the filter at all. Thus, the filter should be switched out 
of the DTV signal path whenever an analog signal is not present. (Specification, page 3, 
lines 2-7.) 

To determine if an analog television signal is present, embodiments of the present 
invention look for synchronization pulses which are necessarily present in an analog television 
signal. (Specification, page 4, lines 9-17.) For example, the embodiment shown in Appellant's 
Fig. 2 utilizes a sync signal detector 250 outside of the DTV signal processing path 210 to detect 
the presence of analog television signal synchronization pulses. If synchronization pulses are 
present, the multiplexer 260 switches the analog signal rejection filter 240 into the DTV signal 
processing path. Otherwise, the rejection filter is switched out of the DTV signal processing path 
to prevent unnecessary degradation to the DTV signal. 

Thus, the embodiment of Fig. 2 has an analog part and a digital part. The sync signal 
detector 250 in the analog part detects a sync signal and provides the result of the detection to the 
multiplexer MUX 260 in the digital part. The analog television signal rejection filter 240 is 
selectively switched into the DTV signal processing path in response to the result of the 
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detection. In contrast, Patel does not disclose a mutual connection between the analog part and 
the digital for selective use of the analog television signal rejection filter. 

Therefore, a key difference between the present invention and the Patel reference is that, 
in the present invention, the analog signal rejection filter is only included in the DTV signal path 
when the presence of an analog television signal is sensed, whereas in the Patel reference, the 
rejection filter may still be included in the DTV path even when no analog signal is present. 
Thus, the rejection filter in Patel's system may unnecessarily degrade the DTV signal. 

Specifically, Patel discloses a system having a DTV signal processing path, a portion of 
which is shown in Fig. 1 . An analog (NTSC) signal rejection filter 30 is switched into and out of 
the DTV signal processing path by a selector 33. However, the selector 33 does not operate in 
response to the detection of analog television signal synchronization pulses. Instead, Patel's 
selector 33 operates in response to a signal from a VSB pilot carrier presence detector 34 which 
merely determines whether the DTV signal is of the QAM or VSB type (column 10, lines 33-49), 
both of which are digital signal formats (column 11, lines 48-50). 

The QAM type of DTV signal is associated with digital cable television systems 
(column 2, lines 35-38) where no analog television signal would be expected. Therefore, the 
VSB detector 34 causes the selector 33 to switch the analog rejection filter 30 out of the DTV 
signal processing path when no VSB pilot carrier is detected. (Column 10, lines 38-43.) The 
VSB type of DTV signal is associated with broadcasting over the airwaves (column 2, lines 30- 
35) where an interfering analog television signal might be present. Therefore, the VSB detector 
34 causes the selector 33 to switch the analog rejection filter 30 into the DTV signal processing 
path whenever a VSB pilot carrier is detected. (Column 10, lines 44-49.) 

However, just because an analog television signal might be present does not mean that it 
is present. Thus, Patel describes a system in which the analog rejection filter 30 is always 
included in the processing path for DTV signals that are broadcast over the airwaves, even if no 
analog television signal is present. Thus, the analog rejection filter may unnecessarily degrade 
the DTV signal. 

Turning to specifics, claim 1 reads as follows: 
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1 . (Original) A television receiver capable of receiving digital television (DTV) 
signals, the receiver comprising: 

a DTV received signal processing path; 

an analog television signal rejection filter to filter one or more spectral components from 
the frequency spectrum of a received signal; 

a sync signal detector to detect the presence of analog television signal synchronization 
pulses within the frequency spectrum of the received signal; and 

switching circuitry to include the analog television signal rejection filter in the DTV 
received signal processing path when the sync signal detector detects the presence of analog 
television signal synchronization pulses within the received signal. 

In other words, according to the highlighted language, the switching circuitry operates in 
response to the detection of analog television signal synchronization pulses by the sync signal 
detector. 

The Examiner alleges that the switching circuitry recited in claim 1 reads on the sync 
selector 33 shown in Fig. 1 of Patel. The Examiner also appears to allege that the sync signal 
detector recited in claim 1 reads on either the horizontal sync detector 84 shown in Fig. 4 of Patel 
or the NTSC/HDTV detector 68 shown in Fig. 3 of Patel. Under either interpretation, however, 
claim 1 does not read on Patel. 

The detector 68 disclosed in Patel does in fact detect synchronization pulses that are 
associated with an analog television signal. (Column 17, lines 25-29.) Likewise, the horizontal 
sync detector 84 does detect synchronization pulses associated with an analog television signal. 
(Column 19, lines 5-15.) However, even if the detector 68 or the sync detector 84 is interpreted 
as the "sync signal detector" recited in claim 1, Patel's sync selector 33 cannot be interpreted as 
the "switching circuitry" recited in claim 1. This is because the sync selector 33 disclosed in 
Patel does not operate "to include the analog television signal rejection filter in the DTV received 
signal processing path when the sync signal detector detects the presence of analog television 
signal synchronization pulses" as recited in claim 1. 

As explained above, Patel's selector 33 operates in response to a signal from the VSB 
pilot carrier presence detector 34 which merely determines whether the received signal is the 
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QAM or VSB type of DTV signal. There is no connection between the sync selector 33 and 
either the NTSC/HDTV detector 68 or the horizontal sync detector 84 disclosed in Patel. In 
other words, there is no mutual connection between the analog part and the digital part for 
selective use of the analog television signal rejection filter. 

In the Response to Arguments section of the Final Office Action, the Examiner states that 
Patel 's detector circuit 68 is not a switch or multiplexer and therefore would not be involved in 
switching this filter into or out of the DTV signal processing path. This statement, however, 
seems to contradict the Examiner's apparent characterization of detector circuit 68 as the "sync 
signal detector" recited in claim 1, which must necessarily be involved in determining when to 
include the analog television signal rejection filter in the DTV received signal processing path 
according to the language of claim 1 . 

For at least these reasons, claim 1 is not anticipated by Patel. 

Claim 16 

Claim 16 reads as follows: 

16. A method of processing a digital television (DTV) signal, the method comprising: 
detecting analog television synchronization signals within the frequency band of the DTV 

signal, when such synchronization signals are detectable within the frequency band of the DTV 

signal; 

determining, from the detected analog television synchronization signals, whether an 
analog television signal is present within the frequency band of the DTV signal; and 

when it is determined that an analog television signal is present, filtering the DTV signal 
through an analog television signal rejection filter prior to decoding the DTV signal in response 
to the determination that an analog television signal is present. 

Claim 16 requires the use of an analog television signal rejection filter when it is 
determined that an analog television signal is present. This is similar to the requirement in 
claim 1 that the analog television signal rejection filter be used when the sync signal detector 
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detects the presence of analog television signal synchronization pulses. Thus, the arguments set 
forth above with respect to claim 1 apply in a similar manner to claim 16. 

Moreover, claim 16 more explicitly recites that the analog television signal rejection filter 
is used in response to the determination that an analog television signal is present. In setting 
forth the grounds of rejection of claim 16, the Examiner alleges that the recited "filtering the 
DTV signal" reads on Patel's analog (NTSC) signal rejection filter 30, and the recited 
"detecting" and "determining" reads on Patel's NTSC/HDTV detector 68. However, the 
Examiner fails to explain how Patel discloses that the filtering is performed "in response to the 
determination that an analog television signal is present" as recited in claim 1 . 

Instead, the Examiner appears to argue t that the "detecting" and "determining" are 
somehow inherent in the filtering process disclosed by Patel. In the Response to Arguments 
section of the Final Office Action, the Examiner states: "The filter however cannot reject the 
signal without detecting and determining whether or not an analog television signal is present. In 
other words, filtering cannot be performed by the filter 30 without detecting and/or determining 
that an analog television signal is present." This statement, however, is incorrect. As explained 
above in Appellant's preliminary remarks regarding claim 1, Patel teaches a system in which the 
analog rejection filter 30 is included in the DTV signal processing path whenever the received 
DTV signal is of the VSB type, regardless of whether an analog television signal is present. 
Thus, Patel does not teach "filtering the DTV signal through an analog television signal rejection 
filter prior to decoding the DTV signal in response to the determination that an analog television 
signal is present as recited in claim 1 . 

For at least this additional reason, claim 16 is not anticipated by Patel. 

Claims 5-6. 10 and 22 

For purposes of this appeal only, claims 5-6, 10 and 22 stand or fall with their associated 
independent claims. 

Rejections under 35 U.S.C. § 103(a) 

Claim 7 
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Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Patel (US Patent 
No. 6,396,542). This rejection is based on the same incorrect interpretation of Patel discussed 
above with respect to claim 1, and therefore, a prima facie case of obviousness has not been 
established. 

Conclusion 

Appellant requests that the rejections of claims 1, 5-7, 10, 16 and 22 be reversed. 



Respectfully submitted, 

MARGER JOHNSON & McCOLLOM, P.C. 
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CLAIMS APPENDIX 



The text of the claims involved in the appeal is: 

1 . (Original) A television receiver capable of receiving digital television (DTV) 
signals, the receiver comprising: 

a DTV received signal processing path; 

an analog television signal rejection filter to filter one or more spectral components from 
the frequency spectrum of a received signal; 

a sync signal detector to detect the presence of analog television signal synchronization 
pulses within the frequency spectrum of the received signal; and 

switching circuitry to include the analog television signal rejection filter in the DTV 
received signal processing path when the sync signal detector detects the presence of analog 
television signal synchronization pulses within the received signal. 

5. (Original) The television receiver of claim 1 , wherein the detected analog 
television signal synchronization pulses comprise vertical, horizontal, or vertical and horizontal 
synchronization pulses. 

6. (Original) The television receiver of claim 1, wherein the analog television signal 
rejection filter is an NTSC rejection filter, and wherein the sync signal detector detects NTSC 
synchronization pulses. 

7. (Original) The television receiver of claim 1 , wherein the analog television signal 
rejection filter is a PAL rejection filter, and wherein the sync signal detector detects PAL 
synchronization pulses. 

10. (Original) The television receiver of claim 1, further comprising an analog 
television signal processing path for receiving analog television signals, wherein the sync signal 
detector comprises part of the analog television signal processing path. 
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16. (Previously presented) A method of processing a digital television (DTV) signal, 
the method comprising: 

detecting analog television synchronization signals within the frequency band of the DTV 
signal, when such synchronization signals are detectable within the frequency band of the DTV 
signal; 

determining, from the detected analog television synchronization signals, whether an 
analog television signal is present within the frequency band of the DTV signal; and 

when it is determined that an analog television signal is present, filtering the DTV signal 
through an analog television signal rejection filter prior to decoding the DTV signal in response 
to the determination that an analog television signal is present. 

22. (Previously presented) The method of claim 16, wherein detecting analog 
television synchronization signals comprises measuring relative signal energy present at a 
frequency corresponding to a synchronization signal pulse repetition rate. 
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EVIDENCE APPENDIX 



Copies of the following references are attached: 

U.S. Patent No. 6,396,542 ("Patel") which was entered into the record with the Office Action 
mailed January 22, 2007. 
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RELATED PROCEEDINGS APPENDDC 



None. 
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TV RECEIVER HAVING KINESCOPE WITH approximation to progressive scan is made by time- 

16:9 ASPECT RATIO SCREEN AND DOT compressing the scan lines to half duration and inserting 

PITCH FOR 480 LINES PER FRAME intermediate scan lines generated by interpolation. This 

RESOLUTION procedure doubles the number of scan lines per frame, 
5 thereby doubling horizontal and vertical sweep rates and 

This is a complete application filed under 35 U.S.C increasing the power consumption of the magnetic deflec- 

111(a) claiming, pursuant to 35 U.S.C. 119(eXl), benefit of ^ svst6m for me kinescope by a factor of four, 

the filing date of provisional application Ser. No. 60/003,101 High-definition television radio-frequency (RF) signals 

filed Sep. 1, 1995, pursuant to 35 U.S.C. 111(b). currently proposed for adoption as a future standard for 
io broadcasting television in the United States are descriptive 

RELATED APPLICATIONS of digital data. The digital data detected from the HDTV RF 

. signals are descriptions of successive image fields coded 

The inventor has also filed, with another, the U.S. patent essentially in accordance with the MPEG-2 Standard, which 

applications listed below, incorporated by reference herein, descriptions are decoded to recover the raster-scanned video 

which relate to television receivers for high-definition tele- 15 signals. raster scanning win indude a ]ar g er number of 

vision (HDTV) signals. scan lines tha n the current NTSC television broadcast stan- 

Ser. No. 08/216,936 filed Mar. 24, 1994 and entitled dard and may be progressive in nature, rather than line- 

RAPID -UPDATE ADAPTIVE CHANNEL- interlaced as in the current NTSC television broadcast 

EQUALIZATION FILTERING FOR DIGITAL standard. Currently, proposals for 720 progressively scanned 

RADIO RECEIVERS, SUCH AS HDTV RECEIVERS 2 o scan lines of television image per 60 Hz frame and for 1080 

Ser. No. 08/237,896 filed May 4, 1994 and entitled line-interlaced scan lines of television image per 30 Hz 

DIGITAL VSB DETECTOR WITH BANDPASS frame are being considered. A number of inactive lines must 

PHASE TRACKER, AS FOR INCLUSION IN AN be included in each frame to allow for vertical retrace, so 

HDTV RECEIVER there are totals of about 787.5 lines in the progressively 

Ser. No. 08/243,480 filed May 19, 1994 and entitled 25 scanned HDTV signal and of about 1125 lines in the 

DIGITAL VSB DETECTOR WITH BANDPASS line-interlaced HDTV signal. The concerns of the systems 

PHASE TRACKER USING RADER FILTERS, AS designers have been primarily directed to the problems of 

FOR USE IN AN HDTV RECEIVER keeping transmission bandwidth requirements within pre- 

Ser. No. 08/247,753 filed May 23, 1994 and entitled SC ^' ed 1 ™ ltS ; . . J , , . . u J . . 

DIGITAL VSB DETECTOR WITH FINAL I-F CAR- 30 u standard f ° r HDTV lelevlslon broadcasting m 

RIER AT SUBMULTIPLE OF SYMBOL RATE, AS *L ^ ^vsion band uses 8-level vestigial sideband 

FOR HDTV RECEIVER (VSB) amplitude modulation of a suppressed-carner located 

xr , T , ., 310 kHz from the edge of the 6 MHz-wide television 

oZ™ ^R RECmvS BO™ VSB 1 »" * ^ ** ***** Side " 

AnS oiS DIGTDVL Sow ^CnTi S 35 ^ CMCC ^ P™ 5 * 06 f ° f HDTV tCleVisi0n broadcastin S 

AND QAM DIGITAL HDTV SIGNALS ^ expected t0 ^ 16 _ or 32 _ slate QAM of a mid . channe i 

Ser. No. 08/266,751 filed Jun. 28, 1994 and entitled suppressed carrier, however, with no accompanying pilot 

HDTV SIGNAL RECEIVER WITH IMAGINARY- carrier. The format for the digital date descriptive of the 

SAMPLE-PRESENCE DETECTOR FOR QAM/VSB HDTV display is expected to be the same in cablecast 

MODE SELECTION 40 practice as in HDTV broadcasting, or substantially so. The 

Ser. No. 08/573,454 filed Dec. 15, 1995 and entitled digital data are transmitted in packets, header information in 

AUTOMATIC GAIN CONTROL OF RADIO certain of the packets identifying those packets of data that 

RECEIVER FOR RECEIVING DIGITAL HIGH- are descriptive of the video portions of a received HDTV 

DEFINITION TELEVISION SIGNALS program. The digital data are not directly descriptive of the 

Ser. No. 08/577,489 filed Dec. 22, 1995 and entitled « raster scanning of image frames and a digital HDTV receiver 

DIGITAL VSB DETECTOR WITH BANDPASS generally includes a plurality of dual-ported frame-store 

PHASE TRACKER USING NG FILTERS, AS FOR display bufFer memories, each with a random-access port 

USE IN AN HDTV RECEIVER xlsed for updating the stored image therein and each with a 

Ser. No. 08/614,471 filed Mar. 12, 1996 and entitled se ™ 1 . outp ".t P° rt . from whicb xl * cled of data can be 

RADIO RECEIVERS FOR RECEIVING BOTH VSB 50 m a smft re 8 ister operation. Since the luminance signal 

AND QAM DIGITAL HDTV SIGNALS h ^ more lmes field and has more P ixek P er 80411 Une 

These applications are commonly assigned to Samsung than 'be color-difference signals, the descriptions of the 

Electronics Company, Limited, pursuant to employee inven- «*x-f»&™* signals are advantageously stored in dual- 

tion agreements entered into prior to the making of the P°rted frame-store buffer memories which are separate from 

inventions disclosed herein and in those applications. 55 th ° se u that store , the ^P*"* ° f tbe S1 £^ 

rr which are addressed less frequently. During each display 
BACKGROUND OF THE INVENTION field > ones of "ese frame-store display buffer memories 
used for storing descriptions of the current display field in 
This invention relates to television receivers for high- terms of luminance and color-difference video signals sup- 
definition television HDTV) signals. 60 ply these descriptions in raster-scan order from their serial 

In a television receiver the greater the number of scan output ports, 

lines in a given frame time (33.3 mS in the U.S. and 40 mS With the digital standard for broadcasting television in the 

in Europe), the greater the power consumption involved in United States being largely worked out, the time is at hand 

the magnetic deflection system for the kinescope. In large- for considering the problems associated with the commercial 

screen television receivers for receiving television signals 65 production of receivers. Receivers that are capable of receiv- 

broadcast in accordance with current standards (such as the ing transmissions whether in accordance with the former 

NTSC standard), so as to use field-to-field line-interlace, an NTSC standard, in accordance with the new digital HDTV 
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broadcast standard, or in accordance with the digital HDTV A kinescope which displays a 480-active-scan-iine frame 
cablecast practice are desirable. For each individual with a 16:9 aspect ratio and with field interlace in one- 
manufacturer, there are substantial economies associated thirtieth second will consume a quartet of the deflection 
with the use of similar components across its entire televi- power of a kinescope which displays a 480-active-scan-iine 
sion receiver line. Preferably, a small-screen bottom-of-the- s frame with a 16:9 aspect ratio progressively scanned (i.e. 
line television receiver with detachable side speakers will without field interlace) in one-sixtieth second, so the use of 
use the same digital processing circuitry and buffer memory field interlace is very desirable in a portable HDTV receiver, 
to generate high-definition luminance and chrominance sig- In U.S. Pat. No. 5,049,992 issued Sep. 17, 1991 and entitled 
nals that are used by a top-of-the-line television receiver HDTV SYSTEM WITH RECEIVERS OPERABLE AT 
using a full-wall display unit and a surround-sound speaker 1Q DIFFERENT LEVELS OF RESOLUTION Citta et alii 
svs,em - describe scan conversion of a 720-active-scan-hne frame 
When HDTV broadcasts are made, it is likely that some with a 16:9 aspect ratio progressively scanned in one- 
people will desire to receive these broadcasts on small- sixtieth second to a 480-active-scan-line frame with a 16:9 
screen television receivers, some of which will be of por- l ralio p rogressive!v in one-sixtieth second, 
table battery-powered type. The primary interest will be to Additional measures have to be taken during scan conver- 
be able to view video programs transmitted m 16:9 width- 1S sion t0 de for field iQterlace> in orde * 10 dis k a 

^-active^me frame mone-thMie th second without 

transmission will be of no importance at normal Viewing eXC ™ flicker , 0Wm S to mohoa m ,he televisi0n ma « es ' 
distances. Indeed, in kinescopes that use color mask aper- Conversion of progressive scan video signals of a given 
tures screens, the limitations on smallness of apertures may 20 &ame rate to line-interlaced video signals of a field rate 
limit available spatial resolution to less than that broadcast. e 1 ual to !nat given frame rate is known per se in the 
On the other hand, there is a significant increase in the power television art. In some television cameras using charge- 
consumption in the magnetic deflection system for the coupled-device (CCD) images of the field transfer type, the 
kinescope responsive to the faster sweep rates. Since the video signals from the cameras are progressive-scan in 
major portion of the TV receiver power consumption is 2 s nature, with 60 (or 50) Hz frame rates, and are converted to 
consumed by the kinescope deflection system, high sweep line-interlaced video signals by lowpass line-comb filtering 
rates are very disadvantageous in a small-screen TV receiver with staggered spatial phasing on successive 60 (or 50) Hz 
that is battery-powered. A heavy battery is required if more frames to generate 60 (or 50) Hz fields of scan lines at halved 
than a few minutes of viewing time are to be provided before sweep rales. The lowpass line-comb filtering provides ver- 
the battery needs to be recharged. 30 tical aperture correction that reduces scanning artifacts. In 
A kinescope which displays a 480-active-scan-line frame all embodiments of the invention herein described scan 
with field interlace and with a 16:9 aspect ratio will require conversion is done, not at the television transmitter, but 
nearly twice the deflection power of a kinescope of the same rather at the television receiver. 

screen height which displays a 480-activc-scan-line frame In certain embodiments of the invention scan conversion 

with field interlace and with a 4:3 aspect ratio. The addi- 35 to reduce the number of horizontal scan lines per frame and 

tional power is required for sweeping through the one-third to provide field interlace is done within a television receiver 

longer scan line in the same scan line period. The deflection with smaller-size screen, but with the same aspect ratio as 

angle is related to magnetic field strength and thus to the the large-size screen of an ordinary HDTV receiver. This 

current in the deflection coils; and the rate of change in the scan conversion enables the portable HDTV receiver to use 

current through the deflection coils depends on the voltage 40 digital processing circuitry similar to that in an ordinary 

applied thereto. While the horizontal deflection coils are HDTV receiver, while at the same time reducing the sweep 

normally resonated to recover energy stored therein, there rates required in the electromagnetic deflection of the 

are I 2 R losses in the resistance of the deflection coil wind- kinescope, thus to conserve power. Display buffer memory 

ings and more significantly there are losses in the deflection similar to that in an ordinary HDTV receiver can be used, 

amplifiers used to drive the deflection coils which latter 45 with the scan converter including additional buffer memory 

losses are related to the square of the driving voltages. after the ordinary HDTV receiver display memory. In certain 

A kinescope which displays a 480-active-scan-line frame embodiments of the invention this additional buffer memory 

scanned in one-thirtieth second with field interlace and with is reduced to as little as four scan lines of samples for each 

a 16:9 aspect ratio will consume about one-fifth the power of the three video signals required to provide a basis for 

of a kinescope of the same screen height which displays a 50 generating a color display. In other embodiments of the 

1080-active-scan-line frame scanned in one-thirtieth second invention the need for additional buffer memory is avoided 

with field interlace and with a 9:16 aspect ratio, however. by modifying the display buffer memory from that in an 

Not only are horizontal deflection power requirements about ordinary HDTV receiver, the modification being a banked 

one-fifth; so are vertical deflection power requirements. A structuring of the display memory that permits concurrently 

kinescope which displays a 480-active-scan-line frame 55 reading a plurality of scan lines of samples of each video 

scanned in one-thirtieth second with field interlace and with signal to the weighted summation circuitry used for scan 

a 16:9 aspect ratio will consume about one-36th the power conversion. 

of a kinescope of the same screen size which displays a Even in TV receivers that are powered from the electric 

720-active-scan-hne progressively scanned (i.e. without mains, there is a desire to keep power consumption low; and, 

field interlace) frame in one-sixtieth second with a 16:9 60 indeed, there is a possibility of limits being placed on the 

aspect ratio. Not only are horizontal deflection power power consumed by home appliances at some future time, in 

requirements about one-36th; so are vertical deflection order to contain the costs of power plant construction and 

power requirements. The energy stored in the vertical maintenance. The use of more than 480 active lines in a 

deflection coils customarily is not recovered by resonating kinescope display has other problems besides the increase in 

them, owing to the low resonant frequency, so the decrease 65 power required for deflection. As the number of active lines 

in vertical deflection power requirement with fewer scan goes up, the size of the scanning dot must go down in order 

lines is substantial. to utilize the increased display resolution made available. 
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Accordingly, color mask costs go up; and display brightness nizing pulses are applied to the deflection circuitry to control 

tends to be reduced, particularly in comers of the screen. the beginning of horizontal scanning of the display screen in 

In certain embodiments of the invention scan conversion accordance with the raster scanning pattern; and the normal- 

to reduce the number of horizontal scan lines per frame and definition vertical synchronizing pulses are applied to the 

to provide field interlace is done within a television receiver 5 deflection circuitry to control the beginning of vertical 

having a large-size screen or having a medium-size screen scanning of the display screen in accordance with the raster 

with the same aspect ratio as the large-size screen of an scanning pattern. 

ordinary HDTV receiver. The power consumption associ- In another aspect of the invention there is a tuner for 

ated with deflection is advantageously reduced, but the receiving high-definition television signals; high-definition 
principal commercial advantage is that dot size can be larger 10 television signal decoder circuitry for decoding the raster- 

so the display can be made brighter. The brighter display can scanned video signals digitally encoded in the modulation of 

be better viewed in high ambient light conditions, such as on the digital high-definition television signals, for providing 

a porch or in a sun room, for example. high-definition-television horizontal synchronizing pulses, 

Afurther aspect of the invention is the scan conversion of and for Providing high-definition-television vertical syn- 
NTSC video signals using time compression circuitry to 15 chronmng pulses for application to said deflection circuitry 

present them in variants of letter-box form in which the 10 contro1 the beginning of vertical scanning in said raster 

images fill the full height of the display screen, but not its scanning pattern; pulse rate divider circuitry for dividing the 

full width. It has been proposed to use kinescopes with a ralc of said high-dcfinition-television horizontal synchroniz- 

compromise aspect ratio between 4:3 and 16:9 width-to- ing pulses to generate rate-divided high-definition-television 

height ratio with NTSC and IIDTV signals substantially 20 horizontal synchronizing pulses occurring at substantially 

overscanning the display screen. The inventor believes the me same rale ^ normal-definition horizontal synchronizing 

commercially correct way to display television images is on Dulses ; and scan converter circuitry responsive to the video 

a display screen with 16:9 aspect ratio, designed for the new signals decoded by the high-definition television signal 

medium that is to supplant the old. The missing "sides" of decoder circuitry to generate a respective scan-converted 

the NTSC display on the display screen with 16:9 aspect 25 v,deo S'S" 3 ' for application to each kinescope drive ampli- 

ratio makes clear the deficiencies of the old television fier The rate-divided high-definition horizontal synchroniz- 

transmission medium and provides better incentive for trans- m S P ulses are applied to the deflection circuitry to control 

mitter and receiver owners to invest in new equipment. the beginning of horizontal scanning of the display screen in 

Pix-in-pix displays can be at the side of the NTSC display, accordance with the raster scanning pattern; and the high- 

and the time compression of each line of NTSC signal can 30 definition vertical synchronizing pulses are applied to the 

be reduced during the NTSC transmission of widescreen deflection circuitry to control the beginning of vertical 

movies, scanning of the display screen in accordance with the raster 

scanning pattern. Preferably, the high-definition television 

SUMMARY OF THE INVENTION signal decoder circuitry is of a type that provides indications 

35 as to which of a plurality of digital television standards a 

The various aspects of the invention relate to a television received high-definition television signal was transmitted in 

receiver including a kinescope having a display screen with accordance with; and a respective set of vertical scan con- 

a 9:16 aspect ratio, having phosphors arranged on the back version n i ters for each of the plurality of digital television 

of said display screen with a dot pitch for displaying a 480 standards is included in the high-definition-television scan 

scan line frame, and having at least one electron gun for 40 converter circuitry. A respective set of horizontal decimation 

projecting a respective electron beam on the back of said fii ters f or eac h of the plurality of digital television standards 

display screen. The kinescope can be of the type having can be cascaded before each set of vertical scan conversion 

respective electron guns for launching respective electron filters to reduce the number of samples that need be stored 

beams to respectively excite red phosphors, blue phosphors m memorv associated with the vertical scan conversion 

and green phosphors to luminescence. But certain kine- 45 filters, 
scopes for small receivers have only a single electron gun. 

There is a respective kinescope drive amplifier for each BRiEF DESCRIPTION OF THE DRAWINGS 

electron gun and deflection circuitry for scanning each FIG. 1 is a block schematic diagram of initial portions of 

electron beam across the back of the display screen of each a digital HDTV signal radio receiver disclosed in U.S. patent 

kinescope used. The scanning is done in a raster scanning 50 application Ser. No. 08/266,753, which initial portions 

pattern with a 9:16 aspect ratio having substantially 240 include circuitry for detecting symbols in an HDTV signal 

active lines per field of a two-field frame with the scan lines of QAM type, circuitry for detecting symbols in an HDTV 

of the two fields being interlaced with each other. signal of VSB type, and an amplitude equalizer for symbols 

In one aspect of the invention there is a tuner capable of selected from the circuitry for detecting symbols in an 

receiving normal-definition television signals; normal- 55 HDTV signal of QAM type and the circuitry for detecting 

definition television signal detection circuitry for detecting symbols in an HDTV signal of VSB type, 

the raster-scanned video signals contained in the modulation FIG. 2 is a block schematic diagram of the remaining 

of the normal-definition television signals received by said portions not shown in FIG. 1 of the digital HDTV signal 

tuner; horizontal and vertical sync separators for separating radio receiver disclosed in U.S. patent application Ser. No. 

normal-definition horizontal and vertical synchronizing 60 08. 266,753, which digital HDTV signal radio receiver is 

pulses from video signals detected by the normal-definition included in a television receiver embodying the invention, 

television signal detector; and time compression circuitry for FIG. 3 is a block schematic diagram of portions of an 

time compressing the normal-definition video signals NTSC signal radio receiver used to develop automatic 

detected by the normal-definition television signal detection fine-tuning (AFT) signals and to recover NTSC left-channel 

circuitry to generate a respective time-compressed normal- 65 and NTSC right-channel audio signals, which portions of an 

definition video signal for application to each kinescope NTSC signal radio receiver are included in a television 

drive amplifier. The normal-definition horizontal synchro- receiver embodying the invention. 
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FIG. 4 is a block schematic diagram of portions of an More particularly, in the tuner 5 shown in FIG. 1, a 

NTSC signal radio receiver used to recover NTSC video channel selector 10 designed for operation by a human being 

signals and included in a television receiver embodying the determines the frequency of first local oscillations that a 

invention. frequency synthesizer 11, which functions as a first local 

FIG. 5 is a block schematic diagram of circuitry included s oscillator, furnishes to a first mixer 12 for heterodyning with 

in a television receiver embodying the invention for pro- d Wf HDTV s, « nsLs &om the antenna 6 or from 

cessing NTSC video signals from the FIG. 4 portion of an aa ahera ? 11 ^ °! sucb , SI F na ^ ™ e fi f ™, U 

NTSC signal radio receiver to suit them for presentation in converts the received sigwk m the selected channel to 

a variant of letter-box form on a display screen having a 16:9 P^"bed first intermediate frequences (e g., with 920 
aspect ratio and a 480 active scan lines per frame dot pitch. « MHz carrier;, and an LC filter 13 is used to reject the 

... unwanted image frequencies that accompany the upconver- 

FIG. 6 is a block schematic diagram of circuitry included siorl rcsult s ]ied from the fast 12 . The first 

in a telemion receiver embodymg the invention for pro- interin ediate-frequency signal resulting from the 

™S HD1 7 ^. deo sl S Mk ( from f 2 P° rtwn of aD upconversicn, supplied as the filter 13 response! is applied as 

HDTV signal radio recerver to suit them for presentation on lhe k , si 3 (0 a firsi intermediate-frequency amplifier 

a display screen having a 16:9 aspect ratio and a 480 active 14> which Ues amplified first IF signal for driving a first 

scan lines per frame dot pitch. surface-acoustic-wave (SAW) filter 15 The upconversion to 

FIGS. 7 and 8 are block schematic diagrams of alternative the rather high-frequency first intermediate frequencies 

forms of vertical scan conversion filter for HDTV signals facilitates the SAW filter 15 having a large number of poles 
having 720 active scan lines per Veo second frame and not 2Q and zeroes. Second local oscillations from a second local 

employing field interlace, as can be used in a television oscillator 16 are supplied to a second mixer 17 for hetero- 

receiver embodying the invention. dyning with the response of the first SAW filter 15, to 

FIGS. 9 and 10 together are a block schematic diagram of generate a second intermediate frequency signal (e. g., with 

one form of vertical scan conversion filter for HDTV signals 46.69 MHz carrier for an HDTV signal or a 45.75 MHz 
having 1080 active scan lines per Vx second frame and 25 carrier for an NTSC signal). The output signal from the 

employing field interlace, as can be used in a television second mixer 17 is supplied to the. portions of the radio 

receiver embodying the invention. receiver used for detecting NTSC video and audio signals as 

FIG. 11 is a block schematic diagram of a modification to wi31 be described further on in this specification with refer- 

replace the FIG. 9 digital circuitry in an alternative form of ence to FIGS. 3 and 4 of the drawing, 

vertical scan conversion filter for HDTV signals having 30 The remainder of FIG. 1 shows portions of the radio 

1080 active scan lines per Vx second frame and employing receiver used for detecting HDTV signals. The output signal 

field interlace, as can be used in a television receiver from the second mixer 17 is supplied in FIG. 1 to a second 

embodying the invention. SAW filter 18, which is used for rejecting the unwanted 

FIG. 12 is a block schematic diagram of clocking circuitry im ** e frequencies that accompany the second intermediate 

for vertical scan conversion filters as shown in FIG. 7 or in ^ frequencies in the downconversion result supplied from the 

FIG. 8_ second mixer 17 during HDTV reception. During the period 

cn ii- ui i l .-j- ci,- • ■ of transition from NTSC television u-ansmissions to digital 

' _ „ . . . , , , ' , an . ' 40 adjacent-channel NTSC television transmissions. The sec- 

FIG. 14 is a block schematic diagram of a modification to ond IF signal supplied as the response of the second SAW 
the FIG. 6 circuitry that eliminates having to have separate filt er 18 is applied as input signal to a second intermediate- 
horizontal decimation filters for HDTV signals having 720 frequency amplifier 19, which generates an amplified second 
active scan lines per Vfe second frame with progressive scan i F signal response to its input signal. Oscillations from a 
and for HDTV signals having 1080 active scan lines per Vx 4S third Jocal osd ]i ator 2 0 are heterodyned with the amplified 
second frame with field interlace. second IF signaI response m a third 2 1 to generate a 

As one skilled in the art of digital circuit design will third intermediate-frequency signal response, 
appreciate, shimming delays will have to be provided at This third IF signal response is the final intermediate- 
various points in the connections of the circuitry shown in frequency output signal of the tuner 5, which is supplied to 
the drawing, in order that proper timing of the operations of ;o a subsequent analog-to-digital converter (ADC) 22 for digi- 
tize circuitry will be assured. Connections that carry only tization. This final IF signal occupies a frequency band 6 
clocking or control signals are dashed in certain of the MHz wide, the lowest frequency of which is above zero 
figures, better to distinguish these connections from those frequency. The lowpass analog filtering of the third mixer 21 
connections carrying information-bearing signals, response done in the ADC 22, as a preliminary step in 
DFTAII pn r>F<5TRIPTtnNr 55 anal °g- to -digital conversion, suppresses the image frequen- 
DfclAJLfcD DbSCRIPTION cies of ^ tWrd intertnediate f requ6ncies; &nd the second 

FIG. 1 shows a tuner 5 comprising elements 11-21 that SAW filler 18 has already restricted the bandwidth of the 

selects one of a plurality of channels at different locations in third intermediate-frequency signals presented to the ADC 

the frequency band in which analog NTSC television signals 22 to be digitized. So, the ADC 22 functions as a bandpass 

or digital HDTV signals are transmitted and that performs 60 analog-to-digital converter. Sampling of the lowpass analog 

plural frequency conversion of the selected channel to a final filter response in the ADC 22 is done responsive to pulses in 

intermediate-frequency signal in a final intermediate- a first clock signal supplied from a sample clock generator 

frequency band. FIG. 1 shows a broadcast receiving antenna 23, as the next step in analog-to-digital conversion. 

6 arranged to capture the digital HDTV signals for the tuner The sample clock generator 23 preferably includes a 

5. Alternatively, the tuner 5 can be connected for receiving 65 crystal oscillator capable of frequency control over a rela- 

digital HDTV signals from a narrowcast receiving antenna lively narrow range for generating cissoidal oscillations at a 

or from a cablecast transmission system. multiple of symbol rate. A symmetrical clipper or limiter 
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generates a square-wave response to these cissoidal oscil- clock pulses in the first clock signal generated by the sample 
lations to generate the first clock signal, which the ADC 22 clock generator 23, which address counter in preferred 
uses to time the sampling of the final IF signal after filtering embodiments of the invention is the same address counter 
to limit bandwidth. The frequency of the cissoidal generated used in the first address generator 28. The resulting address 
by the crystal oscillator in the sample, clock generator 23 5 count is augmented by a symbol phase correction term 
can be determined by an automatic frequency and phase generated by symbol phase correction circuitry, thereby to 
control (AFPC) signal developed in response to symbol generate the addressing for the ROM 31. The VSB synchro- 
frequency components of the received HDTV signal, for dyne circuitry 29, the second address generator 32, and the 
example, as will be described in detail further on in this operation of each are explained in greater detail in the 
specification. The pulses in the first clock signal recur at a 10 above-referenced U.S. patent application Ser. No. 08/266, 
21.08 megasamples-per-second rate, twice the 10.54 753 - 

megasymbols-per-second symbol rate for VSB signals and The baseband response of the VSB synchrodyne circuitry 
four times the 5.27 megasymbols-per-second symbol rate 29 * supplied to an NTSC-rejection filter 30 for suppressing 
for QAM signals. The ADC 22 supplies real digital co-channel interference from NTSC signals, in which filter 
responses of 10-bit or so resolution to the samples of the 15 30 the response is applied as input signal to a clocked delay 
band-limited final IF signal, which digital responses are ^ e 301 ?* d » • fi^summand input signal to a two-input 
converted to complex digita samples by the dLitry 24. d, S ,tal ^der 302. The clocked delay me 301 supplies a 
Various wavs to construct the circuit™ 24 are snerifiLllv res P° n se to its input signal after a delay equal to twelve 
various ways to construct the circuitry 24 are specifically faol ^ which ^ reS ponse is applied to the 
described in the above-referenced U.S. patent application J ^ ^ ^ ^ ^ m f ^ 
Ser. No^ 08,266,753. K the frequency band 6 MHz wide 20 docked deI , ine 3M and the dj jta] ^ 3 ^ in , he 
occupied by the final IF signal has a lowest frequency of at NTSC-rejection filter 30 cooperate so as to suppress 
least a megaHertz or so, it is possible to keep the number of co-channel interference from NTSC signals. The NTSC- 
taps in a Hilbert transformation filter within the circuitry 24 rejection filter 30, which is a comb filter, is required as long 
reasonably small and thus keep the latency time of the filter as NTSC signals are being transmitted over the same chan- 
reasonably short. Placing the final IF signal so its mid- 25 nel allocations as digital HDTV signals. The filter 30 sup- 
frequency is above 5.27 MHz reduces the number of 21.08 presses the NTSC luminance carrier and its lower-frequency 
megasamples-per-second rate samples in the QAM carrier to sidebands containing synchronizing information, very 
less than four, which undesirably reduces the uniformity of strongly rejects the color subcarrier, suppresses the chromi- 
synchrodyne response supplied for symbol decoding. nance sidebands, and suppresses the FM audio carrier. The 
In the FIG. 1 receiver circuitry the complex digital 30 filter 30 supplies a fifteen-coding-level signal in response to 
samples of final IF signal supplied from the circuitry 24 are 'be eight -coding-level signal it receives from the VSB 
applied to circuitry 25 for synchrodyning the QAM signal to synchrodyne circuitry 29. 

baseband to supply to a symbol de-interleaver 26, in parallel, A digital-signal multiplexer 33 functions as a synchro- 
a stream of real samples and a stream of imaginary samples dyne result selector that selects as its response either a first 
descriptive of the complex-amphtude-modulation modulat- 35 or a second one of two complex digital input signals thereto, 
ing signal. The QAM synchrodyning circuitry 25 receives the selection being controlled by a detector 34 for detecting 
complex-number digital descriptions of two phasings of the the zero-frequency term of the real samples from the VSB 
QAM carrier, as translated to final intermediate frequency synchrodyne circuitry 29. When the zero-frequency term has 
and in quadrature relationship with each other, from read- essentially zero energy, indicating the absence of pilot 
only memory 27. The ROM 27, which comprises sine and 40 carrier signal that accompanies a VSB signal, the multi- 
cosine look-up tables for QAM carrier frequency, is plexer 33 selectively responds to its first complex digital 
addressed by a first address generator 28. The first address input signal, which is the de-interleaved QAM synchrodyne- 
generator 28 includes an address counter (not explicitly to-baseband result supplied from the de-interleaver 26. 
shown in FIG. 1) for counting the recurrent clock pulses in When the zero-frequency term has substantial energy, indi- 
the first clock signal generated by the sample clock genera- 45 eating the presence of pilot carrier signal that accompanies 
tor 23. The resulting address count is augmented by a a VSB signal, the multiplexer 33 selectively responds to its 
symbol phase correction term generated by QAM de-rotator second complex digital input signal, the real terms of which 
circuitry, thereby to generate the addressing for the ROM 27. are supplied from the NTSC-rejection filter 30 and the 
The QAM synchrodyne circuitry 25, the first address gen- imaginary terms of which are all wired arithmetic zero, 
erator 28, and the operation of each are explained in greater 50 The response of the synchrodyne result selection multi- 
detail in the above-referenced U.S. patent application Ser. plexer 33 is resampled in response to a second clock signal 
No. 08/266,753. from the sample clock generator 23 in 2:1 decimation 
In the FIG. 1 receiver circuitry the complex digital circuitry 35, to reduce the sample rate of complex baseband 
samples of final IF signal supplied from the circuitry 24 are response down to the 10:76 MHz VSB symbol rate, which 
also applied to circuitry 29 for synchrodyning the VSB 55 is twice the 5.38 MHz QAM symbol rate. The 2:1 decima- 
signal to baseband to supply a stream of real samples tion of the multiplexer 33 response prior to its application as 
descriptive of the vestigial-sideband modulating signal to an input signal to an amplitude equalizer 36 reduces the hard- 
NTSC-rejection filter 30, which functions as a symbol ware requirements on the equalizer. Alternatively, rather 
de-interleaver for the VSB signal. The VSB synchrodyning than 2:1 decimation circuitry 35 being used after the syn- 
circuitry 29 receives complex-number digital descriptions of 60 chrodyne result selection multiplexer 33, the baseband 
two phasings of the VSB carrier, as translated to final responses of the QAM synchrodyne circuitry 25 and of the 
intermediate frequency and in quadrature relationship with VSB synchrodyne circuitry 29 can each be resampled in 
each other, from read-only memory 31. The ROM 31, which response to a second clock signal from the sample clock 
comprises sine and cosine look-up tables for VSB carrier generator 23 to carry out 2:1 decimation before the synchro- 
frequency, is addressed by a second address generator 32. 65 dyne result selection multiplexer 33. 
The second address generator 32 includes an address counter FIG. 2 shows the amplitude equalizer 36, which converts 
(not explicitly shown in FIG. 1) for counting the recurrent a baseband response with an amplitude-versus-frequency 
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characteristic that tends to cause inter-symbo! error to a data synchronization recovery circuitry 45 recovers the data 

more optimum amplitude-versus-frequency characteristic synchronizing information included in the data output of the 

that minimizes the likelihood of inter-symbol error. The one-dimensional trellis decoder 38. A data sync selector 46 

amplitude equalizer 36 can be a suitable one of the mono- selects between the data synchronizing information as pro- 

lithic ICs available off-the-shelf for use in equalizers. Such 5 vided by the data sync recovery circuitry 44 and as provided 

an IC includes a multiple-tap digital filter used for amplitude by the. data sync recovery circuitry 45,' the selection being 

equalization, the lap weights of which filter are program- controlled by the detector 34 for detecting the zero- 

mable; circuitry for selectively accumulating training signal frequency term of the real samples from the VSB synchro- 

and temporarily storing the accumulation results; and a dyne circuitry 29. When the zero-frequency term has essen- 
microcomputer for comparing the temporarily stored accu- I0 daily zero energy, indicating the absence of pilot carrier 

mulation results with an ideal training signal as known a signal that accompanies a VSB signal, the data sync selector 

priori and for calculating updated tap weights of the 46 selects for its output signals the data synchronizing 

multiple-tap digital filter used for amplitude equalization. A information provided by the data sync recovery circuitry 44. 

preferred equalizer design is that described in the above- When the zero-frequency term has substantial energy, indi- 
referenced U.S. patent application Ser. No. 08,716,936. 15 eating the presence of pilot carrier signal that accompanies 

The response of the amplitude equalizer 36 is applied as a VSB signal, the data sync selector 46 selects for its output 

input signal to a two-dimensional trellis decoder 37, which signals the data synchronizing information provided by the 

performs the symbol decoding that recovers a digital data data sync recovery circuitry 45. 

stream from a QAM-origin signal. The response of the A VSB HDTV signal comprises a succession of 
amplitude equalizer 36 is also applied as input signal to a 20 consecutive -in-time data fields each containing 313 
one-dimensional trellis decoder 38, which performs the consecutive -in-time, data lines. Each line of data starts with 
symbol decoding that recovers a digital data stream from a a line synchronization code group of four symbols having 
VSB-ongm signal. A digital-signal multiplexer 39 functions successive values of +S, -S, -S and +S. The value +S is one 
as a data source selector that selects as its response either a level below the maximum positive data excursion, and the 
first or a second one of two digital input signals thereto, the 25 value -S is one level above the maximum negative data 
selection being controlled by the detector 34 for detecting excursion. The lines of data are each of 77.7 microsecond 
the zero-frequency term of the real samples from the VSB duration, and there are 832 symbols per data line for a 
synchrodyne circuitry 29. When the zero-frequency term has symbol rate of about 10 megabits/second. The initial line of 
essentially zero energy, indicating the absence of pilot each data field is a field synchronization code group that 
carrier signal that accompanies a VSB signal, the multi- 30 codes a training signal for channel-equalization and multi- 
plexer 39 selectively responds to its first digital input signal, path suppression procedures. The training signal is a 511- 
selechng as the source of its digital data output the two- sample pseudo-random sequence (or "PR-sequence") fol- 
dimensional trellis decoder 37 that decades the symbols lowed by three 63-sample PR sequences. This training signal 
received in the QAM signal. When the zero-frequency term is transmitted in accordance with a first logic convention in 
has substantia! energy, indicating the presence of pilot 3S the first line of each odd-numbered data field and in accor- 
carrier signal that accompanies a VSB signal, the multi- dance with a second logic convention in the first line of each 
plexer 39 selectively responds to its second digital input even-numbered data field, the first and second logic con- 
signal, selecting as the source of its digital data output the ventions being one's complementary respective to each 
one-dimensional trellis decoder 38 that decodes the symbols other. When the data sync selector 46 selects for its output 
received in the VSB signal. 40 signals the data synchronizing information provided by the 

The data selected by the data source selection multiplexer data sync recovery circuitry 45, the initial data lines of each 
39 are applied to a data de-interleaver 40 as its input signal, data field are selected for application to the amplitude 
and the de-interleaved data supplied from the data equalizer 36 as training signal. The occurrences of two 
de-interleaver 40 are applied to a Reed-Solomon decoder 41. consecutive 63-sample PR sequences are detected within the 
The data de-interleaver 40 is often constructed within its 45 data sync recovery circuitry 45 to provide data-field index- 
own monolithic IC and is made so as to respond to the output ing information to the data sync selector 46. 
indications from the pilot carrier presence detector 34 to The standards for a QAM HDTV signal are not as well 
select the de-interleaving algorithm suitable to the HDTV defined at this time as the standards for a VSB HDTV signal, 
signal currently being received, whether it be of QAM or A 32-state QAM signal provides sufficient capacity for a 
VSB type; this is a mere matter of design. The Reed- 50 single HDTV signal, without having to resort to compres- 
Solomon decoder 41 is often constructed within its own s ion techniques outside MPEG-2 standards, but commonly 
monolithic IC and is made so as to respond to the output some compression techniques outside MPEG-2 standards 
indications from the pilot carrier presence detector 34 to are employed to encode the single HDTV signal as a 16-state 
select the appropriate Reed-Solomon decoding algorithm for QAM signal. The occurrence of a prescribed 24-bit word is 
the HDTV signal currently being received, whether it be of 55 detected by the data svnc recovery circuitry 44 to generate 
QAM or VSB type; this also is a mere matter of design. data-field indexing information for application to the data 
Error-corrected data are supplied from the Reed-Solomon sync selector 46. A multiplexer within the data sync selector 
decoder 41 to a data de-randomizer 42, which regenerates 46 selects between the data-field indexing information 
packets of data for a packet sorter 43. The data respectively supplied by the data sync recovery circuitry 44 
de-randomizer 42 is made so as to respond to the output 60 and by the data sync recovery circuitry 45; the data-field 
indications from the pilot carrier presence detector 34 to indexing information thus selected is supplied to the data 
select the appropriate data de-randomizing algorithm for the de-interleaver 40, the Reed-Solomon decoder 41, and the 
HDTV signal currently being received, whether it be of data de-randomizer 42. At the time this specification is 
QAM or VSB type; this is a mere matter of design, too. written there is no training signal included in the QAM 

First data synchronization recovery circuitry 44 recovers 65 HDTV signal. Accordingly, the amplitude equalizer 36 is 
the data synchronizing information included in the data arranged to provide a fiat amplitude-versus-frequency char- 
output of the two-dimensional trellis decoder 37, and second acteristic in response to the VSB pilot carrier presence 
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detector 34 indicating the absence of pilot carrier, and the 
VSB training signal selected by the data sync recovery 
circuitry 45 is wired through the data sync selector 46 
without need for a multiplexer. Also, there is no data line 
synchronization signal for QAM HDTV transmission, at 
least not one selected as a standard. The data sync recovery 
circuitry 44 includes counting circuitry for counting the 
samples in each data field to generate intra -data-field syn- 
chronizing information. This intra-data-field synchronizing 
information and the intra-data-field synchronizing informa- 
tion (such as data line count) generated by the data sync 
recovery circuitry 45 are selected between by appropriate 
multiplexers in the data sync selector 46, for application to 
the data de-mlerleaver 40, the Reed-Solomon decoder 41, 
and the data de -randomizer 42, as required. 

The packet sorter 43 sorts packets of data for different 
applications, responsive to header codes in the successive 



14 

these frame-store display buffer memories used for storing 
descriptions of the current display field in terms of lumi- 
nance and color-difference video signals supply these 
descriptions in raster-scan order from their serial output 

Certain of inventions disclosed herein, described further 
on in this specification with reference to FIG. 6, concern the 
processing of video signals as supplied from the selected 
dual-ported frame-store display buffer memories in the 
io MPEG-2 video decoder SO, so kinescope deflection circuitry 
for a kinescope receiving these video signals can be of types 
providing for the raster scanning of the 16:9 aspect-ratio 
display screen of the kinescope at 525-scan-lines-per-hne- 
inierlaced-frame sweep rates. The processing of the video 
!5 signals is essentially two-dimensional spatial filtering that 
provides vertical and horizontal aperture c 
facilitate the scan conversion procedur 



packets of data. Packets of data descriptive of the audio processing, the MPEG-2 video decoder 50 is designed so 

portions of the HDTV program are applied by the packet that its display buffer memories are scanned during vertical 

sorter 43 to a digital sound decoder 47. The digital sound 2 o trace intervals with intervening vertical retrace intervals of 

decoder 47 supplies stereophonic digital sound signals dur- prescribed duration inserted between the vertical trace wter- 

ing HDTV reception, which are converted to analog stereo- vals in which the display buffer memories are scanned, 

phonic sound signals by analog-to-digital converters During these vertical retrace intervals the MPEG-2 video 

(DACs) 48 and 49 to provide an HDTV left-channel audio decoder 50 supplies Y samples that have blacker-than-biack 

signal and an HDTV right-channel audio signal. Packets of 2S level or "superblack" level and supplies U and V samples 

data descriptive of the video portions of the HDTV program that have zero level. 



are applied by the packet sorter 43 to an MPEG-2 video 
decoder 50. During HDTV reception the video decoder 50 
supplies the horizontal (H) and vertical (V) synchronizing 
signals for the raster scanning of the display screen of the 3 
television receiver. The video decoder 50 also supplies a 
digital luminance signal (Y) and two digital color difference 
signals (U, V). 

These color difference signals U and V can be I and Q 
color difference signals, for example, or can be B-Y and RY 3 
color difference signals, by way of further example. It will 
be presumed that the same set color-difference signals are 
recovered during HDTV and NTSC reception, although this 
« rather than necessity. Recovering 



Referring back to FIG. 1, in order that ROMs 27 and 31 
can be used to generate digital complex-number descriptions 
of the QAM and VSB signal carriers as translated to 
respective final intermediate, frequencies, in response to 
; generated by counting first clock signals, provi- 
: be made to lock the one those final intermediate 
of the currently received 
HDTV signal to a submuliiple of a multiple of the first clock 
signal frequency. That is, those final intermediate frequen- 
cies must be in whole number ratios with the first clock 
signal frequency. An automatic phase and frequency control 
(AFPC) signal is developed in the digital circuitry following 
nalog-to-digital converter 22 and is used to control tfc 



the same color-difference signals during HDTV and NTSC 40 frequency and phase of one of th 



reception allows the same color matrixing circuitry fe 
used during HDTV and NTSC reception. If different ss 
color-difference signals are recovered during HDTV and 
NTSC reception, the color matrixing circuitry used during 



al oscillators 11, 16 ar 



. Using a fixed-frequency third local oscillator 
20, and controlling the frequency and phase of the oscilla- 
tions the second local oscillator 16 provides, is preferred in 
that alignment of the second IF signal with the second SAW 



HDTV reception will have to be separate from the color 45 filter 18 can be readily assured. The second SAW filter 18 

usually contains traps for adjacent-channel signal 
components, in which case proper alignment of the second 
IF signal between these traps is important for preserving its 
integrity. The symbol clocking is made to exhibit a high 
degree of frequency stability. By locking the carrier of the 
final intermediate-frequency (IF) signal in frequency and 
phase to a subroultiple of a multiple of the symbol clock 
frequency, the AFPC for correcting frequency and phase 
in the carrier as translated to a final intermediate 



matrixing circuitry used during NTSC reception. 

The general nature of the MPEG-2 video decoder 50 is 
known to one of ordinary skill in the art of digital video 
compression. The data supplied to the video decoder 50 
comprise scalar- and vector-quantized codes of the discrete 
cosine transforms of selected image frames used for pre- 
dicting the content of intervening image frames The data 
supplied to the video decoder 50 comprise scalar- and 
vector-quantized codes of the discrete cosine transforms of 



frames of information describing the errors in such predic- 55 frequency invariably operates to correct dynamic symbol 



s. The video decoder 50 accordingly includes a plurality 
of dual-ported frame-store display buffer memories, each 
with a random-access port used for updating the stored 
image therein and each with a serial output port from which 
selected lines of data can be read in a shift register operation. « 
Since the luminance signal has more lines per field and has 
more pixels per scan line than the color-difference signals, 
the descriptions of the color-difference signals are advanta- 
geously stored in dual-ported frame-store display buffer 
memories which are separate from those that store the 6 
descriptions of the luminance signals and which are 
addressed less frequently. During each display field, ones of 



phase error as well, eliminating the need for a separate phase 
tracker to correct dynamic symbol phase error. 

FIG. 1 denominates a digital multiplexer 51 as "AFPC 
selector". The multiplexer 51 responds to the pilot carrier 
presence detector 34 indicating that a pilot carrier is 
included in the currently received HDTV signal for 
selecting, as an input signal for a digital lowpass filter 52, the 
imaginary output signal of the baseband response of the 
VSB synchrodyne circuitry 29. The response of lowpass 
filter 52 is a digital AFPC signal supplied as input signal to 
a digital-to-analog converter (DAC) 53. The output signal 
from the DAC 53 is an analog AFPC signal, which is 
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subjected to further lowpass filtering in an analog lowpass signal and recovering audio-carrier modulation signal, 
filter 54. The response of the filter 54 is supplied as an input receiving its input signal from the second mixer 17 in the 
to fine-tuning selection circuitry 55 in the tuner 5. During digital HDTV signal radio receiver tuner 5 of FIG. 1. The 
HDTV reception the fine-tuning selection circuitry 55 SAW filter 57 preferably has a double-humped response 
applies the response of the filter 54 to the second locaK 5 with humps at the 45.75 MHz video carrier frequency and at 
oscillator 16 as its automatic-frequency-and-phase-control the 41.25 MHz audio carrier frequency. The saddle between 
(AFPC) signal for controlling the frequency and phase of its the humps reduces the response to the image of the adjacent- 
oscillations, channel sound carrier, second harmonic distortion of which 
The multiplexer 51 responds to the pilot carrier presence can interfere with intercarrier sound when there is a very 
detector 34 indicating that a pilot carrier is not included inx 1Q strong adjacent-channel NTSC signal. The SAW filter 57 
the currently received HDTV signal for selecting the input response is applied as input signal to an intercarrier inter- 
signal for the digital lowpass filter 52 from the circuitry for mediate frequency (IF) amplifier 58, which supplies its 
processing a QAM HDTV signal. FIG. 1 shows the product amplified response to a limiter 59 and to an exalted carrier 
output signal of a digital multiplier 56 being provided for detector 60. In less expensive TV receivers, the intercarrier 
such selection. The digital multiplier 56 multiplies together VlJ IF amplifier 58 can receive the response of the FIG. 1 second 
the real and imaginary output signals of the QAM synchro- SAW filter 18 as its input signal, so the third SAW filter 57 
dyne circuitry 25 to generate an unfiltered digital AFPC need not be used. 

signal. The generation of the unfiltered digital AFPC signal Th e linrited intermediate-frequency signal from the lim- 
is very similar to that in the well-known Costas loop. In the iter 59 ^ supplied to a quadrature-phase carrier extraction 
Costas loop the AFPC signal is used to control the frequency v, 2Q fii ter 61 mat x]ects me video carrjer com p 0nent of tne 
and phase of the digital local oscillations used for synchro- limited signal and phase shifts it 90° if it is at 45.75 MHz 
dyning received signals to baseband. The FIG. 1 arrange- The quadrature-phase carrier extraction filter 61 phase shifts 
ment departs from this procedure, the AFPC signal being me selected video carrier component of the limited signal 
used instead to control the frequency and phase of the analog more or less than 90 ° if ft departs from 45.75 MHz frequency 
oscillations generated by the second local oscillator 16v 2J m one or the other Th e quadrature-phase carrier 
during HDTV reception. This regulates the frequency and extraction filter 61 supplies the phase-shifted video carrier 
phase of the final IF signal supplied to the ADC 22 for component it selects to an automatic-fine-tuning detector 62 
digitization and for subsequent synchrodyning to baseband for synchronous detection in accordance with the limited 
in the digital regime. As is the case with the Costas loop, the intermediate-frequency signal supplied to the AFT detector 
multiplier 56 is preferably of especial design in which the^ 6 2 from the limiter 59. The AFT signal developed by the 
real signal is converted to a ternary signal for multiplying the ' aft detector 62 is supp iied to the fine-tuning selection 
imaginary signal; this simplifies the digital multiplier and circuitry 55 in the tuner 5 of FIG. 1. During the reception of 
improves the pull-in characteristics of the AFPC loop. an ntsc signal the fine-tuning selection circuitry 55 uses 
Although not explicitly shown in FIGS. 1 and 2, prefer- the AFT signal developed by the AFT detector 62 as AFPC 
ably circuitry is provided to sense when there is co-channel n 35 signal for the second local oscillator 16. Accordingly, during 
interference from NTSC signal, to by-pass the filter 30 wMi^ the reception of an NTSC signal, the AFT signal developed 
^S^SllXS-Jffi^ when no" by the AFT detector 62 controls the frequency of the 
co-cnannel interference from NTSC signal is sensed, and to oscillations of the second local oscillator 16. 
adjust symbol decoding ranges in the one-dimensional trellis The quadrature-phase carrier extraction filter 61 also 
decoder 38 in accordance with the number of coding levels No supplies the phase-shifted video carrier component it selects 
to be expected. There is less likelihood of the occurrence of as ao eX alted carrier to the exalted carrier detector 60. The 
erroneous decisions as to symbol identity when eight coding exalted carrier detector 60 generates 4.5 MHz intercarrier 
levels have to be discerned than when fifteen coding levels response that is selected by a 4.5 MHz bandpass filter 63 as 
have to be discerned. m p U , sigIla i for a ^d intermediate-frequency limiter 
The digital HDTV receiver shown in FIGS. 1 and 2 is 45 amplifier 64. The sound IF limiter amplifier 64 supplies 
representative of a wide number of possible designs. While amplified and limited sound IF signal to an FM sound 
the inventor prefers that a digital HDTV receiver digitize a detector 65 that detects the frequency modulation of the 
final IF signal, as one of ordinary skill in the art of digital NTSC audio carrier. The FM sound detector 65 supplies this 
communication receiver design knows, alternative designs reproduced audio-carrier modulation signal to a stereo- 
are possible in which synchrodyning of HDTV signals to 50 phonic decoder 66. In response the stereophonic decoder 66 
baseband is done in the analog regime prior to analog-to- supplies an NTSC left-channel audio signal and an NTSC 
digital conversion. right-channel audio signal. The FM sound detector 65 also 
FIG. 3 shows a portion of the television receiver used for supplies the reproduced audio-carrier modulation signal to a 
receiving analog television signals transmitted according to sound auxiliary program (SAP) detector 67. 
the standard developed received by the National Television 55 An NTSC-or-HDTV detector 68 responds to at least 
Standards Committee (NTSC). The derivation of the selected ones of: output indications from the pilot carrier 
automatic-fine-tuning (AFT) signal supplied to the fine- presence detector 34 shown in FIG. 1, output indications 
tuning selection circuitry 55 in the tuner 5 of FIG. 1 during from the first data sync recovery circuitry 44 shown in FIG. 
NTSC signal reception and the recovery of audio during 2, output indications from the second data sync recovery 
NTSC signal reception is done in the FIG. 3 portion of the 60 circuitry 45 shown in FIG. 2, and a keyed AGC signal 
television receiver. A further portion of the television developed in the FIG. 4 portion of the television receiver 
receiver used for receiving analog television signals trans- during NTSC signal reception. If the output indications from 
milted according to the NTSC standard, which further the pilot carrier presence detector 34 indicate that a VSB 
portion is shown in FIG. 4, recovers video signals during pilot carrier is present, this is a quite reliable indication of 
NTSC signal reception. 65 the reception of an HDTV transmission. The reception of a 
In the FIG. 3 portion of the television receiver a third VSB HDTV transmission can be confirmed by indications 
SAW filter 57 selects the NTSC signal for developing AFT from the first data sync recovery circuitry 44 that data 
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synchronization information is being received. These con- of FIG. 1. During the reception of an NTSC signal the 

firming indications can, by way of preferred example, be fine-tuning selection circuitry 55 in the tuner 5 of FIG. 1 uses 

generated by threshold detecting the response of an IIR the AFT signal developed by the AFT detector 62 as AFPC 

lowpass digital filter providing a "lossy" integration of the signal for the second local oscillator 16. During the recep- 
response of a matching filter for the line synchronization 5 uonof an HDTV signal the fine-tuning selection circuitry 55 

code group of four symbols having successive values of +S, uses the response of the FIG. 1 lowpass filter 54 as AFPC 

-S, -S and +S. Responsive to the FIG. 1 pilot carrier signal for the second local oscillator 16. 

presence detector 34 indicating that a VSB pilot carrier is The output signal of the NTSC-or-HDTV detector 68 in 

present and to the FIG. 2 first data sync recovery circuitry 44 FIG. 3 also controls audio source selection circuitry 72. 

indicating that a VSB HDTV transmission is indeed being Responsive to a first bit of the NTSC-or-HDTV detector 68 

received, the FIG. 3 NTSC-or-HDTV detector 68 uncondi- out put signal indicating that an NTSC signal is being 

hon ^Y8 enerate . s an indication that television reception is of received ^ t0 no bit of NTSC-or-HDTV detector 

^-r^v^F 13 j ™ L , , , 68 0Ut P ut si S nal indicating that there is no definite determi- 

The NTSC-or-HDTV detector 68 should also provide an nalion of lhe tion of ^ si j or „ HDTV 

"■f"^ w 'iJSSS" 1 ° n T^' 1011 13 °- a °, W^TY*?!?™ 15 si S nal * aud i° ^kction circuitry 72 selects the 

when a QAM HDTV signal is being received. QAM HDTV " ^ left . channel and audio signals 

^S^^S^^^i^ ? « » \ > P^-channfl audio amplifier 73^ 

this indication responsive to output indications from the f ™* ^1^}° ' R * Sp0nS1Ve t0 th * 

FIG. 2 second data sync recovery circuitry 45. The second blt of ^-or-HDTV detector 68 output signal 

data sync recovery circuitry 45 can generate such output 20 pleating that ar^DTV signal is being received and to no 

indications by threshold detecting the response of an IIR flutila blt of NTSC-or-HDTV detector 68 output signal 

lowpass digital filter providing a "lossy" integration of the indicating that there is no definite determination of the 

response of a matching filter for the line synchronization reception of an NTSC signal or an HDTV signal, the audio 

code group used in the QAM signal. source selection circuitry 72 selects the HDTV left-channel 

The NTSC-or-HDTV detector 68 conditionally generates 25 and right-channel audio signals supplied from the 

an indication that television reception is of an NTSC signal FIG. 2 DACs 48 and 49 for application to the plural-channel 

if the keyed AGC signal from the FIG. 4 portion of the audio amplifier 73 that drives the plurality of loudspeakers 

receiver is of such a level as to indicate that NTSC hori- 74, 75. Responsive to a further bit of NTSC-or-HDTV 

zontal sync pulses of substantial level are being detected. detector 68 output signal indicating that there is no definite 

NTSC horizontal sync pulses of substantial level may be 30 determination of the reception of an NTSC signal or an 

detected in the presence of strong co-channel interference HDTV signal, the audio source selection circuitry 72 selects 

accompanying an HDTV transmission, however. The NTSC a-c grounding for application to the plural-channel audio 

rejection filter 30 may be able to satisfactorily reject the amplifier 73 so the plurality of loudspeakers 74, 75 are 

co-channel interference to provide HDTV reception. If the dumb. 

indications supplied to the NTSC-or-HDTV detector 68 are 35 The output signal of the NTSC-or-HDTV detector 68 in 
that an HDTV transmission is being received, this will FIG. 3 x also controls video source selection circuitry in the 
forestall the NTSC-or-HDTV detector 68 generating an '\ FIG. ^portion of the television receiver and sync source 
indication that television reception is of an NTSC signal. selection circuitry in the FIG. 4) portion of the television 
The reception of NTSC transmissions can be confirmed by receiver, as will be described further on in this specification, 
a detecting the level of sound IF signal from the sound IF 40 In the FIG. 4 portion of the television receiver a fourth 
limiter amplifier 64 with an envelope detector 69, lowpass SAW filter 76 selects the NTSC signal from which video- 
filtering the envelope detector 69 response with a several- carrier modulation is recovered, receiving its input signal 
line-time-constant lowpass filter 70, and threshold detecting from the second mixer 17 in the digital HDTV signal radio 
the result with an analog comparator within a threshold receiver tuner 5 of FIG. 1. Presuming a 45.75 MHz video i-f 
detector 71. If sustained substantial NTSC audio carrier is 45 carrier frequency to be used, SAW filter 76 response 
present, this is a confirmation that television reception is of includes a relatively deep (>40 dB) trap at the adjacent- 
ly 1 an NTSC signal. Determination of whether NTSC video channel sound-carrier frequency of 47.25 MHz. This deep 
carrier is present can provide further confirmation that trap causes the response to the 45.75 MHz video I-F carrier 
t, television reception is of an NTSC signal. frequency to be located on a downward slope in frequency 
The NTSC-or-HDTV detector 68 can be simply con- 50 response, about 6 dB down. The response to the in-channel 
structed from a few logic gates arranged to carry out the sound-carrier frequency of 41.25 MHz is reduced by about 
foregoing decision procedures. Output signal from the 30 dB. The SAW filter 76 exhibits linear-phase response 
NTSC-or-HDTV detector 68 can be single-bit in nature, throughout its passband. An example of a SAW filter exhib- 
with one bit sense indicating that an NTSC signal is being iting this type of response is the SAF45 MVB80Z manu- 
received and the other bit sense indicating that an HDTV 55 factored by Murata Manufacturing Co., Ltd., in Erie, Pa. 
signal is being received. Preferably, the output signal The SAW filter 76 response is input signal for a picture 
includes an additional bit, with one bit sense indicating that intermediate-frequency (PIX IF) amplifier 77 that supplies 
an NTSC signal or an HDTV signal has been definitely amplified SAW filter 77 response to an in-phase synchro- 
determined to be received and the other bit sense indicating nous video detector 78 and to a quadrature-phase synchro- 
thai there is no definite determination of the reception of an 60 nous video detector 79. Each of the video detectors 78 and 
NTSC signal or an HDTV signal. This can be arranged for 79 may either be of exalted carrier type or of true synchro- 
by designs that require the different conditions on the input nous type. A controlled oscillator 80 oscillating with a 
signals supplied to the NTSC-or-HDTV detector 68 be nominal frequency of 45.75 MHz supplies its oscillations to 
present for specified intervals of time before changes in the the in-phase synchronous video detector 78 without phase 
detector 68 output signal are made. 65 shift and t0 the quadrature-phase synchronous video detector 
The output signal of the NTSC-or-HDTV detector 68 79 with 90° lagging phase shift provided by a shift network 
^controls the fine-tuning selection circuitry 55 in the tuner 5 81. The oscillator 80 has automatic frequency and phase 
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control (AFPC) signal supplied thereto from an AFPC filter multiplier 97 for multiplication with the chroma separation 
82 providing a lowpass response to the output signal of the filter 93 response to synchronously detect a U color differ- 
quadrature-phase synchronous video detector 79. The video ence signal. The ROM 96 also supplies samples of sinusoi- 
detector 79 output signal is also supplied to an analog-to- dal 3.58 MHz carrier of a second phase in quadrature with 
digital converter (ADC) 83. 5 said first phase, which samples of sinusoidal 3.58 MHz 
The output signal of the in-phase synchronous video carrier of a third phase are supplied to a digital multiplier 98 
detector 78 is supplied to a horizontal sync detector 84, a for multiplication with the chroma separation filter 93 
• vertical sync detector 85, an analog-to-digital converter response to synchronously detect detecting a V color diflfer- 
(ADC) 86 and a keyed AGC detector 87. The horizontal sync ence signal phase. The ROM 96 further supplies samples of 
pulses separated by the horizontal sync detector 84 are also 1Q sinusoidal 3.58 MHz carrier of a third phase, which is in 
supplied to the keyed AGC detector 86, ind the keyed AGC quadrature with burst phase, to a digital multiplier 99 for 
detector 87 is threshold detected by an analog comparator multiplication with the chroma separation filter 93 response, 
within a threshold detector 88 to determine the presence of The digital product generated by the digital multiplier 99 is 
NTSC horizontal sync pulses, which determination is sup- a synchronous detection result that is converted to analog 
plied to the NTSC-or-HDTV detector 68 in FIG. 3 as a 15 form by a digital-to-analog converter (DAC) 100. Burst gate 
principal indication that an HDTV signal is being received. circuitry 101 responds to horizontal sync pulses separated by 
If the FIG. 3 NTSC-or-HDTV detector 68 is of the type that the horizontal sync detector 84 to select the portion of the 
further confirms that an NTSC signal is being received from synchronous detection result that occurs during color burst 
a determination of whether NTSC video carrier is present, intervals as input signal to an AFPC filter 102 that supplies 
the in-phase synchronous video detector 78 output signal is 20 the write clock oscillator 94 its AFPC signal, thus complct- 
supplied to a few-scan-lines-time-constant lowpass filter 89, ing the automatic -frequency-and-phase control loop includ- 
and the response of the LPF 89 is threshold detected by an ing besides the oscillator 94 the elements 95, 96 and 99-102. 
analog comparator within a threshold detector 90 to deter- FIG. 5 shows the circuitry used for accommodating the 
mine the presence of NTSC video carrier in the TV signal 4:3 aspect ratio NTSC signal to the 16:9 aspect ratio display 
received by the tuner 5 of FIG. 1. 25 screen of the kinescope used in a TV receiver constructed in 
The ADCs 83 and 86 digitize the in-phase synchronous accordance with the invention. The NTSC write clock 
video detector 78 response and the quadrature-phase syn- oscillator 94 and the counter 95 of FIG. 4 appear in FIG. 5 
chronous video detector 79 response, respectively. Ghost as well, FIG. 5 showing the counter 95 in greater detail as 
cancelation circuitry 91 is used in more expensive television comprising three sections 951, 952 and 953. 
receivers, to deghost the digitized in-phase synchronous 30 The counter section 951 counts the number of samples per 
video detector response of ADC 86 and the digitized scan line in a 4:3 aspect ratio 525-scan-line frame, receiving 
quadrature-phase synchronous video detector response of count input from the write clock oscillator 94, generates a 
ADC 83. The digitized in-phase synchronous video detector carry when all the samples in a scan line have been counted, 
78 response from DAC 86 is supplied, preferably after being and rolls over the count. A line sync generator 103 deter- 
de-ghosted in the ghost cancelation circuitry 91, as input 35 mines the beginning of the trace portion of each horizontal 
signal to a digital luma separation filter 92, the response of scan line at which time the sample count from the counter 
which filter 92 is NTSC Y (luminance) signal. A digital section 951 is reset to zero count. The line sync detector 103 
chroma separation filter 93 receives the same input signal as receives a samples per scan line count from the counter 
the digital luma separation filter 92, which has the advantage section 951 to be used in generating phase discriminator 
that many of the filter elements in the two filters can be w characteristics (e. g., from a read-only memory addressed by 
shared, that count). The best accuracy for resetting is obtained by 
Alternatively, the digitized quadrature-phase synchronous making these determinations after de-ghosting, since ghost- 
video detector 79 response from DAC 83 is supplied, ing affects the positional accuracy of sync edges. An edge of 
preferably after being de-ghosted in the ghost cancelation digitized horizontal sync can be detected by a phase dis- 
circuitry 91, as input signal to the digital chroma separation 45 criminator and an offset added thereto to make a first 
filter 93. Though the filters 92 and 93 cannot share elements, approximation to the beginning of the trace portion of the 
frequencies up to 750 kHz are absent in the Hilbert- scan line. A better approximation detecting one of the edges 
transformed composite video signal that defines the system of the sync porch by a phase discriminator can then be made, 
function of the digitized quadrature-phase synchronous The edges of the horizontal sync pulse or of the sync porch 
video detector response, so luma-related components are so or of both may exhibit some line-to-line timing variation, 
already partially suppressed. however. So, preferably, a final "minor phase adjustment" of 
A controlled oscillator 94 serves as a first clock oscillator, the position within the scan line considered to be the 
referred to as the "NTSC write clock oscillator" for reasons beginning of the trace interval is made with reference to the 
that will become apparent when FIG. 5 is described, that phase of chroma burst as determined from ADC 100. 
times the sampling by the ADCs 83 and 86. Preferably, the 55 The counter section 952 counts number of scan lines per 
NTSC write clock oscillator 94 is crystal-controlled, even frame, receiving the carries from the counter section 951 as 
though its frequency and phase are subject to limited control count input. A frame sync generator 104 receives the vertical 
responsive to a respective automatic-frequency-and-phase sync pulses separated by the vertical sync detector 85 and 
control (AFPC) signal. Preferably, the nominal frequency of receives the count output from the counter section 951 so it 
the NTSC write clock oscillator 94 is an even integer 60 can be determined whether each vertical sync pulse occurs 
multiple, at least four, of 3.58 MHz. The oscillations from near the middle of a scan line or near the end of a scan line, 
the NTSC write clock oscillator 94 are counted by a binary Responsive to each vertical sync pulse occurring near a 
counter 95, which counts the number of samples in two prescribed position within a scan line, the frame sync 
horizontal scan lines and the less significant bits of the count generator 104 generates a pulse for resetting the line count 
address a read-only memory (ROM) 96. The ROM 96 65 from the counter section 952. The scan line count from the 
supplies samples of sinusoidal 3.58 MHz carrier of any counter section 952 is supplied to the FIG. 4 ghost cance- 
arbitrarily selected first phase, which are supplied to a digital lation circuitry 91 so that the occurrence of the 19th and the 
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281st scan lines of each frame, which contain ghost cance- 1920 samples per scan line of 16:9-aspect-ratio Y signal in 
latfcra reference (GCR) signals can be detected and the HDTV transmissions having 1080 active lines per Via sec- 
contents of those lines can be grabbed for temporary storage ond frame signal with 2:1 field interlace. The 960 samples 
in memory. per scan line of 16:S-aspect-ratio Y signal scales in 4:3 ratio 

The counter section 953 receives the reset signals gener- 5 with the 1280 samples per scan line of 16:9-aspect-ratio Y 
ated by the frame sync generator 104 as count input and signal in HDTV transmissions having 720 active lines per 
counts the number of successive frames on a modulo-4N Vfco second progressive-scan frame signal, 
basis, N being a small positive integer. The modulo-4N The determination of difference in phase between same- 
frame count is supplied to the FIG. 4 ghost cancelation frequency submultiples of two different frequency sample 
circuitry 91 to govern the accumulation of GCR signals 1Q clocks to provide automatic frequency and phase control 
grabbed from the 19th and the 281st scan lines of each signal to a controlled oscillator generating one of the sample 
frame, to be used by a microprocessor in the ghost cance- clocks is one way of constructing a pulse rate divider that 
lation circuitry 91 for computing the filtering coefficients of divides by a ratio that is non-integral, it is noted in passing, 
digital filters included in the circuitry 91 for canceling The linestore memories 106, 108 and 110 have the least 
ghosts in the response from that circuitry. That micropro- 15 significant bit of the scan line count from the counter section 
cesser resets the frame count in the counter section 953. A 952 applied to them as a read/write control signal condi- 
detailed explanation of how the ghost cancelation circuitry tioning them for writing during odd-numbered scan lines in 
91 can be implemented is found in the above-referenced each frame and for reading during even-numbered scan lines 
U.S. Pat. No. 5,331,416 issued Jul. 19, 1994 to the inventor in each frame. A NOT gate 118 complements the least 
and another, entitled METHODS FOR OPERATING 2 q significant bit of the scan line count from the counter section 
GHOST-CANCELATION CIRCUITRY FOR TV 952 for application to the linestore memories 107, 109 and 
RECEIVER OR VIDEO RECORDER, and incorporated 111 as a read/write control signal conditioning these 
herein by reference. linestore memories for writing during even-numbered scan 

A digital adder 105 adds the sample per scan line count lines in each frame and for reading during odd-numbered 

from the counter section 951 supplied thereto as a first 25 s^ 11 ™ eacn frame. The connections of the linestore 

addend input signal to a prescribed offset value supplied memories 106-111 are shown in FIG. 5 are for linestore 

thereto as a second addend input signal, to generate a sum memories each having a read output port separate from its 

used in addressing linestore memories 105-110 during writ- write input port, with the read output port being tri-state in 

ing of portions thereof with NTSC video signal samples, nature so its source impedance goes high during writing, 

which is the reason that the oscillator 94 is denominated the 30 However, multiplexer arrangements to permit interleaved 

"NTSC write" clock oscillator. Those portions of the writing and reading of linestore memories having common 

linestore memories 106-111 are read at a higher rate than input/output ports can be used instead, which arrangements 

they are written. A controlled oscillator 112 is the "read" are familiar to digital circuit designers, 

clock oscillator, the oscillations of which are counted by a The least significant bit of the sample per line count from 

counter 113. The read clock oscillator 112 oscillates at a 35 the counter section 951 is the control signal for an address 

frequency in a prescribed ratio with the frequency at which multiplexer 119. During odd-numbered scan lines the 

the write clock oscillator 94 oscillates, which prescribed address multiplexer 119 selects the counter section 951 

ratio is substantially 4:3, so the counter 113 counts the count output to the linestore memories 106, 108 and 110 as 

number of samples per scan line in a 16:9 aspect ratio write addressing and the counter 113 count output to the 

525-scan-line frame in which NTSC images appear in a 40 linestore memories 107, 109 and 111 as read addressing, 

variant of letter-boxform.Adecoderll4decodesthesample During even-numbered scan lines the address multiplexer 

count from the counter section 951 being zero to reset the 119 selects the counter section 951 count output to the 

counter 113 to zero count. If the line sync generator 103 linestore memories 107, 109 and 111 as write addressing and 

resets the counter section 951 to zero count, rather than to the counter 113 count output to the linestore memories 106, 

some offset count, the line sync generator 103 can simulta- 4s 108 and 110 as read addressing. Reading of each location in 

neously reset the counter 113 to zero count and the decoder the linestore memories 106 and 107 is arranged to be 

114 can be dispensed with. (Zero count is assumed to be followed by erasure to blacker-than-black level, either 
initial count for both write and read addressing.) A decoder immediate or at the close of the scan line being read. 

115 decodes the sample count from the counter 113 reaching Reading of each location in the linestore memories 108-111 
the final sample count in a line to generate a pulse, which 50 is arranged to be followed by erasure to zero arithmetic 
pulse is supplied to a phase comparator 116 for comparison level, either immediate or at the close of the scan line being 
with the reset pulse generated by the line sync generator 103. read. 

The phase comparator 116 output signal is supplied a input A decoder 120 responds to the samples per line count 
signal to a lowpass filter 117, the response of which is from the counter section 951 to decode the active "trace" 
applied to the read clock oscillator 112 as its automatic 55 portion of each NTSC horizontal scan line. The output signal 
frequency and phase control (AFPC) signal. This completes from the decoder 120 is supplied as a control signal to each 
an AFPC loop that includes elements 113 and 115-117 of the multiplexers 121, 122 and 123. This control signal is 
besides the read clock oscillator 112, which AFPC loop a blanking signal for the digital NTSC Y, U and V signals 
functions to lock read clock oscillator 112 frequency in a supplied from the FIG. 4 circuitry to first inputs of the 
prescribed ratio with the frequency at which the write clock 60 multiplexers 121, 122 and 123. The multiplexer 121 receives 
oscillator 94 oscillates, which prescribed ratio is substan- blacker-than-black level or "superblack" level as its second 
tially 4:3. input, and the multiplexers 122 and 123 receive arithmetic 
There are 720 samples per scan line of 4:3-aspect-ratio Y zero as their respective second inputs. When the decoder 120 
signal in the 480 active line per one-thirtieth second field- indicates that the active "trace" portion of each horizontal 
interlaced frame standard that has been proposed for digital 65 scan line of NTSC is currently being received, the multi- 
television. This corresponds to 960 samples per scan line of plexer 121 selects Y signal from the FIG. 4 digital luma 
16:9-aspect-ratk) Y signal, which scales in 1:2 ratio with the separation filter for application as write input signal to the 
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linestore memories 106 and 107, Accordingly, thai Y signal in the digital multipliers 97-99 to be carried out at lower 

is temporarily stored in the one of the linestore memories rate. There is also a saving in the number of storage locations 

106 and 107 selected for writing. During a portion of this required in the linestore memories 108-111, the more 

time Y signal from the preceding scan line is being read from sparsely linestores being addressed by the same addresses as 

the other of the linestore memories 106 and 107 selected for < the linestore memories 108-111, except for the less signifi- 

reading. When the decoder 120 indicates that the non-active cant bits thereof not being used. 

"retrace" portion of each horizontal scan line of NTSC is FIG. 6 shows circuitry for processing HDTV video sig- 

currently being received, the multiplexer 121 selects super- nals from the FIG. 2 portion of an HDTV signal radio 

black level for application as write input signal to the receiver to suit them for presentation on a display screen 

linestore memories 106 and 107. Accordingly, there is no lfl having a 16:9 aspect ratio and a 480 active scan lines per 

change in what is temporarily stored in the linestore memo- frame dot pitch. The MPEG-2 video decoder 50 decodes 

ries 106 and 107. HDTV video signals and supplies horizontal sync and 

When the decoder 120 indicates that the active "trace" vertical sync signals for those HDTV video signals. The 

portion of each horizontal scan line of NTSC is currently MPEG-2 video decoder 50 also supplies an HDTV MODE 

being received, the multiplexer 122 selects the U signal from , signal indicative of whether a 720 active lines per Veo second 

the FIG. 4 digital multiplier 97 for application as write input ' frame sl S QaI without field interlace has been decoded or a 

signal to the linestore memories 108 and 109. So, that U 108() , act, f h f s P" ^f 1 ^ ^J^*' wi ' h 2:1 fi , eld 

signal is temporarily stored in the one of the linestore »^lace has been decoded. The HDTV MODE signal is 

mcmon s 108 and 109 selected for writing. During a portion P^^rably Determined by decoding packet header 

of this time U signal from the preceding scan line is being „ ^^manon but lt c^n alternativdy be generated m response 

At .i. .? cuv . - ■ ,™ 2u to counting the number ot horizontal sync signals occurnne 

read from the other of the hnestore memories 108 and 109 ^ each between CDnsecutive vertical svnc signals 

selected for reading When the decoder 120 indicates that the The Y, U and V decoded HDTV video signals are supplied 

non-active "retrace portion of each horizontal scan hue of as ; signals t0 a «, 124 of horizontal decimation filters 

NTSC is currently being received, the multiplexer 122 sui!able for 720 active lines per *fc> second frame signal 

selects zero level to be applied as write input signal to the 25 witbom fie3d m!erlace m also SU pp ]ie d as input signals 

hnestore memories 108 and 1 09 for temporary storage in the to a set 125 of horizontal decimation filters suitable for 1080 

one of them selected for writing. So, there is no change in active lines per Vx, second frame signal with 2:1 field 

what is temporarily stored in the linestore memories 108 and interlace. The sets 124 and 125 of horizontal decimation 

10". filters reduce the horizontal sample rates of the Y, U and V 

When the decoder 120 indicates that the active "trace" 30 signals to the same or about the same numbers of samples 

portion of each horizontal scan line of NTSC is currently per scan line as used for NTSC Y, U and V read out from the 

being received, the multiplexer 123 selects the V signal from linestore memories 106-111. Horizontal decimation ulti- 

the FIG. 4 digital multiplier 98 to be applied as write input mately makes pixel rate more commensurate with dot pitch 

signal to the linestore memories 110 and 111. So, that V and dot size on the kinescope display screen, which are 

signal is temporarily stored in the one of the linestore 3J limiting factors on horizontal resolution. Dot size is chosen 

memories 11© and 111 selected for writing. During a portion so that the scan line structure is not too apparent to the 

of this time V signal from the preceding scan line is being viewer and, supposing spot wobbling is not employed, has 

read from the other of the linestore memories 110 and 111 a direct effect on fine-line resolution in the horizontal scan 

selected for reading. When the decoder 120 indicates that the direction. Spot wobbling in the "vertical" direction will 

non-active "retrace" portion of each horizontal scan line of 40 allow smaller dot size without the scan line structure being 

NTSC is currently being received, the multiplexer 123 as apparent to the viewer. Nevertheless, the reduction of the 

selects zero level to be applied as write input signal to the number of scan lines per frame is generally accompanied by 

linestore memories 110 and 111 for temporary storage in the a reduction in the fine-line resolution in the horizontal scan 

one of them selected for writing. So, there is no change in direction. Kinescope driver amplifiers are best limited in 

what is temporarily stored in the linestore memories 110 and 45 bandwidth to what can be displayed on the display screen, 

111. which establishes the bandwidth required from the digital- 

The Y, U and V signals from the preceding scan line are to-analog conversion circuitry used for originating the input 
each compressed in the horizontal dimension, appearing at signals for those driver amplifiers. This in turn establishes 
a distance from the left hand side of the display screen the digital pixel rate required by the digital-to-analog con- 
determined by the prescribed offset value supplied to the so version circuitry. The reduced pixel rate saves a considerable 
digital adder 105 as its second addend input signal. If amount of digital hardware in the sets 126 and 127 of 
pix-in-pix is not used, this prescribed offset value is gener- vertical scan conversion filters. 

ally such as to center on the display screen the NTSC images The responses of the set 124 of horizontal decimation 

appearing in the variant of letter-box form. Alternatively, if filters are supplied to a set 126 of vertical scan conversion 

pix-in-pix is used, this prescribed offset value can be such as 55 filters for converting the horizontally decimated Y, U and V 

to move the NTSC images to one side of the screen so the signals having 720 active lines per Vso second frame without 

pix-in-pix pictures can be time-division-multiplexed into field interlace to horizontally decimated Y, U and V signals 

portion of the signals containing the rime-compressed Y, U having 480 active lines per Vx second frame signal with 

and V signals. Preferably, the linestore memories 106-111 field interlace. The responses of the set 125 of horizontal 

each contain enough storage locations to contain all the 60 decimation filters are supplied to a set 127 of vertical scan 

samples in the trace portions of a 16:9 aspect ratio field of conversion filters for converting the horizontally decimated 

view in order to accommodate such shifts in the position of Y, U and V signals for 1080 active lines per Vso second frame 

NTSC images as presented on the screen. signal having field interlace to horizontally decimated Y, U 

It is advantageous to subsample the U and V signals and V signals having 480 active lines per Vx second frame 

respective to the Y signal, by decimating in the horizontal 65 signal with field interlace. 

direction within the chroma separation filter 93. This saves Responsive to the HDTV MODE signal from the video 

multiplications in the filter 93 and allows the multiplications decoder 50 and to indications from the FIG. 4 NTSC/HDTV 
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detector 68, a video source selection multiplexer 128 selects pulses supplied by the sync source selection multiplexer 

one of three sets of digital Y, U and V signals as input signal 135, and vertical deflection circuitry for driving the vertical 

for digital-to-analog conversion circuitry 129. If the NTSC, deflection coils as synchronized by the vertical synchroniz- 

HDTV detector 68 indicates that an NTSC television signal mg pulses supplied by the sync source selection multiplexer 

is being received, the video source selection multiplexer 128 5 135 

selects the time-compressed digital NTSC Y, U and V „ , . 

signals from the ones of linestore memories 106-111 cur- ^L^ m ^*"»»»°B <? DV ™Z Clr : 

rently being read from in the FIG. 5 portion of the television 129 t0 ^Tf ° f ° f U and 

receiver. If the NTSC/HDTV detector 68 indicates that an V agnals sclccted bv Vlde0 ■ ouree election multiplexer 128 

NTSC television signal is not being received, the HDTV t0 analo 8 form for a PPlication to color matrix circuitry 131 
MODE signal from the video decoder 50 selects which one 10 Perming the conversion to R, G and B video signals, an 

(if either) of the respective responses of the filters 124 and Revision receiver that embodies the invention in alternative 

125 is suitable for the type of HDTV signal being currently f ° Tm "ff T circuitry for converting the selected set of 

received digital Y, U and V signals to digital R, G and B video signals. 

DAC clock selection circuitry 130 responds to the HDTV „ "J?"* e . digM , R ' G B . video sigDal f are then su PP hed t0 
MODE signal from the video decoder 50 and to indications " d'g.tal-to-analog conversion circuitry for conversion to ana- 

from the FIG. 4 NTSC/HDTV detector 68 to select the *° g R> G f 6 B Vlde ° Slgnak !° * J^^i bv l he 

appropriate clock signals for the digital-to-analog conver- dnv , er am P hfier 132 and thereafter 

sion circuitry 129. It is possible to design the sets 124 and apphed t0 a color ^^P 6 133 " 

125 of horizontal decimation filters so that the clock rates for , n . Although not shown in the drawmg, provisions are made 
Y, U and V samples from the sets 126 and 127 of vertical m me televislon receiver for control of luminance (Y) gain 
scan conversion filters are the same as for time-compressed- (brightness), of chrominance (U, V) gain (color saturation), 
NTSC Y, U and V samples from the FIG. 5 circuitry, in of lu n™ a nce black level and of tint, 
which case the DAC clock selection circuitry 130 will not be Brightness control is belter done after digital-to-analog 
required. The horizontal decimation filters can become more 25 conversion, rather than before, so the conversion circuitry 
complex than desired, however, so it can be simpler to limit operates with greatest resolution and quantizing noise in the 
the bandwidths of the analog Y, U and V signals by the luminance signal is minimized. Brightness control can also 
analog lowpass filtering afforded those signals by the digital- be done usiD 8 a digital-to-analog converter of multiplying 
to-analog conversion circuitry 129. type. If digital-to-analog conversion of Y signal is done 
The digital-to-analog conversion circuitry 129 supplies 30 before me color matrix circuitry 131, as shown in FIG. 6, 
analog Y, U and V signals to color matrix circuitry 131 for potentiometnc control of the Y signal provides brightness 
conversion to red (R), green (G) and blue (B) video signals control in a simple and straightforward way. If the color 
that are amplified by the kinescope driver amplifier circuitry matrix circuitry is digital, the digital-to-analog conversion of 
1321 and thereafter applied to a color kinescope 133. The the R > G and B sl g" als 030 be donc using digital-to-analog 
color kinescope 133 has a display screen 1331 having a 16:9 35 converters of multiplying type; this provides brightness 
aspect ratio and a 480 active scan lines per frame dot pitch. contro1 ™ th g° od tracking of R, G and B signal gains. This 
The MPEG-2 video decoder 50 forwards HDTV horizon- latter tv P e of brightness control is interesting because there 
tal synchronizing pulses and HDTV vertical synchronizing 15 automatlc luma/chroma tracking, 
pulses in response to synchronizing it receives from the data Color saturation control is also better done after digital- 
sync selector 46 shown in FIG. 2. The HDTV vertical sync 40 to-analog conversion, rather than before, so the conversion 
pulses occur at the same rate as NTSC vertical sync pulses, circuitry operates with greatest resolution and quantizing 
but the HDTV horizontal sync pulses occur at higher rates noise in tne luminance signal is minimized. If digital-lo- 
than NTSC horizontal synchronizing pulses. Pulse rate analog conversion of U and V color-difference signals is 
divider circuitry 134 responds to the HDTV MODE signal dorje ^fore the color matrix circuitry 131, as shown in FIG. 
from the MPEG-2 video decoder 50 to divide the rate of the 45 6 « respective potentiometric controls of the analog U and V 
HDTV horizontal sync pulses forwarded by the MPEG-2 signals is possible. However, there is the problem of tracking 
video decoder 50 in such ratio as to generate rate-divided m e potentiometric controls. This problem can be avoided by 
HDTV horizontal synchronizing pulses that occur at the usin S digital-to-analog converters of multiplying type for the 
same rate as NTSC horizontal sync pulses. u and v color-difference signals, but their design must take 
If the NTSC/HDTV detector 68 in FIG. 3 indicates that an 50 ^ account that zero values of these signals are in the 
NTSC television signal is being received, a sync source of 46 dvnainic ran S e of mese converters, 
selection multiplexer 135 in FIG. 6 selects to kinescope Color saturation control is of greatest importance for 
deflection circuitry 135 the NTSC horizontal and vertical NTSC and color saturation control just for NTSC can be 
synchronizing pulses respectively supplied from the hori- simply effected by using a digital multiplier to adjust the 
zontal sync detector 84 and the vertical sync detector 86 of 55 amplitude of the chroma separation filter 96 response 
FIG. 4. If the NTSC/HDTV detector 68 indicates that an applied to the digital multipliers 97 and 98. The adjustment 
NTSC television signal is not being received, the sync is made responsive to a digital multiplier signal that is 
source selection multiplexer 135 selects to kinescope deflec- controllable by the human viewer. 

tion circuitry 136 the HDTV vertical synchronizing pulses Luminance black level setting is best done before digital- 
supplied from the video decoder 50 and the rate divided 60 to-analog conversion, so the dynamic range of the conver- 
horizontal synchronizing pulses supplied from the pulse rate sion circuitry can be best utilized. A simple way of imple- 
divider circuitry 134. The kinescope deflection circuitry 136 menting this is to combine a black level adjustment that is 
includes the horizontal and vertical deflection coils for the controllable by the human viewer with the Y signal using a 
kinescope 133 that deflect electron beams therein during digital adder, with the sum output signal of the adder being 
their raster scanning of the display screen 1331, the hori- 65 digitized by the digital-to-analog converter for luminance, 
zontal deflection circuitry for driving the horizontal deflec- Tint control is of greatest importance for NTSC and tint 
tion coils as synchronized by the horizontal synchronizing control just for NTSC can be most simply effected by 
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partitioning the ROM 96 into two separately addressed 
portions. A first portion of the ROM 96, which supplies the 
digital multipliers 97 and 98 with respective phases of color 
subcarrier that are orthogonal with each other, is addressed 
by the sum output of a digital adder that receives the count < 
from the address counter 95 as a first summand and that 
receives a tint offset as a second summand. A second portion 
of the ROM 96, which supplies the digital multiplier 99 with 
quadrature-phase color subcarrier is addressed without off- 
set by the count from the address counter 95. The tint offset 
is a binary digital number generated by a digitizer that is ' 
controllable by the human viewer. Supplemental tint control 
that will adjust tint for HDTV can be provided in the color 
matrix circuitry 130 or its counterpart when color matrixing 
is done digitally. 

Pixel clocking for the sets of horizontal decimation filters 1: 
124 and 125 is the same as that used in the display buffer 
memory of the MPEG-2 video decoder 50. The methods of 
generating that pixel clocking are known to those skilled in 
the art and will not be particularly described here. Rate 
division procedures known to those skilled in the art of 2( 
digital electronics systems design are used for generating the 
subsampling clocks for taking horizontally decimated Y, U 
and V signals from the set 124 of horizontal decimation 
filters for writing to linestore memories within the set 126 of 
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vertical scan conversion filters. These subsampling clocks 2 s modulo-6 and modulo-9 ct 



When 1080 active lines per V4o second frame video 
signals having field interlace are being received, the field 
count from counter 137 corresponds to a count of one-half 
data frames; and there is then a need for synchronizing the 
count from counter 137 in order that the set 127 of vertical 
scan conversion filters can generate 480 active lines per V-w 
second frame video signals having field interlace in which 
scan lines interlace in proper order. The MPEG-2 video 
decoder 50 is constructed to furnish indications of whether 
current scan information is for an odd or an even field. The 
basis for generating such indications can be determining 
when HDTV sync pulses occur during the middles of 
horizontal scan lines to generate indications of even fields 
and determining when HDTV sync pulses occur near the 
ends of horizontal scan lines to generate indications of odd 
fields. An exclusive-OR gate 138 exclusively ORs these 
indications with single-bit modulo-2 field count from 
counter 137 to reset the counter 137 when the field count is 
out of synchronism. The exclusive-OR gate 138 response is 
preferably passed through a short-pulse suppressor 139 as 
shown in FIG. 6 to generate the reset pulses for the counter 
137, so pulse timing is less critical. 

A line counter 140 counts HDTV horizontal synchroniz- 
ing pulses forwarded from the decoder 50 to generate 



for Y signals are counted, thereby generating write addresses 



ts of scan lines supplied to the 



126 and 127 of vertical scan conversion niters, respec- 
tively. The counter 140 comprises component counters 
1401, 1402 and 1403. The counter 1401 counts HDTV 
horizontal sync pulses forwarded from the MPEG-2 video 
decoder 50 to generate a modulo-3 scan line count. The 
counter 1401 counts HDTV horizontal sync pulses for- 
warded from the MPEG-2 video decoder 50 to generate a 
modulo-3 scan line count. The counter 1402 counts carries 
from the counter 1401 modulo-2, which count is combined 
with the count of the counter to furnish a modulo-6 scan line 
count in a peculiar arithmetic, the most significant bit of 
which counts scan-line triples in binary arithmetic and the 
less significant bits count scan lines within the triple in 
binary-coded ternary arithmetic. The counter 1403 counts 



for those linestore memories. Further rate division in accor- 
dance with known procedures is used for generating the 
reduced-rate clocks employed for reading from the linestore 
memories within the set 126 of vertical scan conversion 
filters and for clocking the digital-to-analog conversion 
circuitry 129 when the data read from those linestore memo- 
ries are selected for conversion by the multiplexer 128. 
These reduced-rate clocks for Y signals are counted for 
generating read addresses for those linestore memories. 

Known rate division procedures are also used for gener- 
ating the subsampling clocks for taking horizontally deci- 
mated Y, U and V signals from the set 125 of horizontal 
decimation filters for writing to linestore memories within 

the set 127 of vertical scan conversion filters. These sub- 40 carries from the counter 1401 modulo-3, which count is 
sampling clocks for Y signals are counted for generating combined with the count of the counter to furnish 
write addresses for those linestore memories. Further rate 
division in accordance with known procedures is used for 
generating the reduced-rate clocks employed for reading 
from the linestore memories within the set 127 of vertical 45 
scan conversion filters and for clocking the digital-to-analog 
conversion circuitry 129 when the data read from those 
linestore memories are selected for conversion by the mul- 
tiplexer 128. These reduced-rate clocks for Y signals are 

counted for generating read addresses for those linestore 50 display screen of a kinescope with interlaced 480 active 
memories. lines per frame. The FIG. 6 set 126 of vertical scan conver- 

A field counter 137 counts HDTV vertical synchronizing sion filters can include three of the FIG. 7 filters, alike except 
pulses forwarded by the MPEG-2 video decoder 50 in order that the clock rate for U and V signals is normally one- 
to furnish (at its complemented count output) a modulo-2 quarter of that for the Y signal. 

count of data fields. The modulo-2 data field count is 55 A first vertical lowpass filter response, certain scan lines 
supplied to the set 126 of vertical scan conversion filters to of which are selected and re-timed to provide display scan 
control the selection of filtering employed to generate alter- lines in odd-numbered fields, additively combines the hori- 



modulo-9 scan line count in binary-coded ternary arithmetic. 
Other counting arrangements to count scan lines modulo-6 
and modulo-9 can be used, but they generally employ more 
:ounter stages. 

FIG. 7 shows a representative vertical scan conversion 
filter for processing of the horizontally decimated Y, U or V 
signal having 720 non-interlaced active lines per frame to 
suit that signal for raster scanning the 16:9-aspect-ratio 



:e fields of the 480 active lines per V30 second frame video 
signals in such way that they exhibit proper field interlace. 
The count from counter 137 corresponds to a count of data 6 
frames when 720 active lines per Veo second frame video 
signals having no field interlace are being received, so there 
is then no need for synchronizing the count from counter 137 
in order that the set 126 of vertical scan conversion filters 
can generate 480 active lines per V30 second frame video 6 
signals having field interlace in which scan J' 
proper order. 



zontally decimated Y, U or V signal supplied as response by 
one of the set 124 of decimation filters response and that 
response as delayed by one, two, three, and four scan lines 
in (M>):(%): (>/4):(%):(V&) ratio. Except for finally applying a 
normalizing factor of (Vis), which is done further on in the 
circuitry as part of an overall amplitude normalizing proce- 
dure using a look-up table (LUT) stored in a read-only 
memory (ROM) 163, this first vertical LPF response is 
generated as follows. The horizontally decimated response 
to Y, U or V signal and that response as delayed by four scan 
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lines in cascaded FIFO linestores 141-144 are summed in a ing. Responsive to the modulo-2 scan line count being a 
digital adder 146. The resulting sum is multiplied by two in ZERO, the multiplexer 164 applies the reduced-rate 
a digital multiplier 147, which multiplier 147 can be simply subsample-per-line count to the linestore memory 160 as 
realized by a wired single-bit-place shift. The horizontally rea d addressing and applies the subsample-per-line count to 
decimated response to Y U or V signal as delayed one scan 5 lhe linestore memory 161 as write addressing. Responsive to 
line by FIFO linestore 141 and that response as delayed three me modu i 0 _ 2 scan line count being a ONE, the multiplexer 
scan ines by FIFO linestores 141-143 are summed in a 165 x]ects read . out from the m m M the 

f t f d6 \}f T 1 ?. m " 1 i , P Iied by four ! n output signal from the FIG. 7 vertical scan conversion filter, 

a digital multiplier 149, which multiplier 149 can be simply Responsive to the modu i 0 -2 scan Une count being a ZERO, 
realized by a wired two-bit-place shift. The horizontally 10 me multiplexer 165 xleas read . out from the linestore 
decimated response to Y U or V signal as de ayed two scan 160 as tne ou , si , &om the FIQ ? vertical 

hnes by FIFO linestores 141 and 142 is multiplied by six in xiD conversion fij ter 

a digital multiplier 150. The products from the multipliers „ „ . , , „„ 

149 and 150 are summed in a digital adder 151, the sum ^ ^f store tosa ^ 161 receives the response of an OR 

from which is summed with the product from the multiplier „ gale lfi * « its read/wnte command is conditioned for 

147 in a further digital adder 152. wnlln S by the 0R 8 ale 166 res P° nse beln S a 0NE > and ls 

. , .. , . . conditioned for reading by the OR gate 166 response being 

A second vertical lowpass filter response, certain scan 7CDn t, , ... F c 

f , , _ j j j -j j- , a ZERO. The OR gate 166 receives the responses of AND 

hnes of which are selected and re-timed to provide display „. . ,,„ B 

,- . , , - . , ..... f , . v ' gates 167 and 168 as its two mput signals, 

scan lines in even-numbered fields, addiuvely combines the r 6 

horizontaUy decimated response to Y, U or V signal and that 20 A decoder 169 furnishes the AND gate 167 the first of its 
response as delayed by one, two, three, four and five scan m P ut ^als, decoding the modulo-6 scan-line count 

lines in (Vis): (V*):(Vi.):(Vi.): (V6):(Vis) ratio. Except for from the n p. 6 scan line counter circuitry 140 being five to 

finally applying a normalizing factor of (Via) which is done generate a ONE as its decoder response, which otherwise is 

further on in the circuitry using a look-up table (LUT) stored a ZER °- ^ ^ § ate 167 receives the rnodulo-2 field 

in the ROM 163, this second vertical LPF is constructed as « count from me Fla 6 field counter 137 35 tne second of its 
follows. The horizontally decimated response to Y, U or V m ? ut S1 8 nals and * conditioned by the field count being 

signal and that response as delayed by five scan lines in 0NE ' indicative of the field being an odd field, to repeat the 

cascaded FIFO linestores 141-145 are summed in a digital decoder 169 spouse as its own response, which is in turn 

adder 153. The horizontally decimated response to Y, U or repeated in the OR gate 166 response applied to the linestore 

V signal as delayed one scan line by FIFO linestore 1141 and , 0 memorv 161 as its read/write command. When the field 

that response as delayed four scan lines by FIFO linestores " count 15 ZER0 ' indicative of the field being an even field, 

141-144 are summed in a digital adder 154; and the result- me ^ S ate 167 res P° Dse * ZERO and ,he decoder 169 

ing sum Ls multiplied by three in a digital multiplier 155. The can no lon g cr selectively condition the linestore memory 

horizontally decimated response to Y, U or V signal as 161 for bemE wrltten mt0 - 

delayed two scan lines by FIFO linestores 141, 142 and that 35 A decoder 170 furnishes the AND gate 168 the first of its 

response as delayed three scan lines by FIFO linestores two m P ut signals, decoding the modulo-6 scan-line count 

141-143 are summed in a digital adder 156; and the result- from the FIG. 6 scan line counter circuitry 140 being one to 

ing sum is multiplied by five in a digital multiplier 157. The generate a ONE as its decoder response, which otherwise is 

sum from the adder 153 and the product from the multiplier a ZERO. The AND gate 168 receives the one's complement 

155 are summed in a digital adder 158, the sum from which w of modulo-2 field count from the FIG. 6 field counter 137 as 

is summed with the product from the multipher 157 in a me second of its two input signals and is conditioned by the 

further digital adder 159. complemented field count being ONE, indicative of the field 

An odd-field/even-field write multiplexer 162 responds to bein 8 3,1 even field, to repeat the decoder 170 response as its 

the least significant bit of VSB frame count being a ONE to own response, which is in rum repeated in the OR gate 166 

select the sum from the adder 152 as an address for the ROM 45 response applied to the linestore memory 161 as its read/ 

163 used for gain normalization of the first vertical LPF write command. When the complemented field count is 

response. The odd-field/even-field write multiplexer 162 ZERO, indicative of the field being an odd field, the AND 

responds to the modulo-2 field count from the field counter gate 168 response is ZERO and the decoder 170 can no 

137 in FIG. 6 being a ZERO to select the sum from the adder longer selectively condition the linestore memory 161 for 

159 as an address for the ROM 163 used for gain normal- 50 bein S written mt0 - 

ization of the second vertical LPF response. ROM 163 The linestore memory 160 receives the response of an OR 

responds to each binary-number address supplied thereto gate 171 as its read/write command, is conditioned for 

with a binary number proportional thereto which is supplied writing by the OR gate 171 response being a ONE, and is 

as write input to an odd-line linestore memory 161 and to an conditioned for reading by the OR gate 171 response being 

even-line linestore memory 160. This gain normalization by 55 a ZERO. The OR gale 171 receives the responses of AND 

ROM 161 is part of the procedures followed to keep video gates 172 and 173 as its two input signals, 
intensity the same no matter whether NTSC, VSB or QAM A decoder 174 furnishes the AND gate 172 the first of its 

video signals are being displayed on the kinescope display two input signals, decoding the modulo-6 scan-line count 

screen. fj om the FIG. 6 scan Une counter circuitry 140 being two to 

The least significant bit of scan line count for 525- 60 generate a ONE as its decoder response, which otherwise is 

interleaved-lines-per-frame display is supplied as control a ZERO. The AND gate 172 receives the modulo-2 field 

signal to a read/write address multiplexer 164 and to an count from the FIG. 6 field counter 137 as the second of its 

output multiplexer 165. Responsive to that modulo-2 scan two input signals and is conditioned by the field count being 

line count being a ONE, the multiplexer 164 applies a ONE, indicative of the field being an odd field, to repeat the 

reduced-rate subsample-per-line count to the linestore 65 decoder 174 response as its own response, which is in turn 

memory 161 as read addressing and applies the subsample- repeated in the OR gate 171 response applied to the linestore 

per-line count to the linestore memory 160 as write address- memory 160 as its read/write command. When the field 
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count is ZERO, indicative of the field being an even field, arranged for read-and-then-write-over operation. The read- 

the AND gate 172 response is ZERO and the decoder 174 out from the linestore memory 177 is applied as a first input 

can no longer selectively condition the linestore memory signal to a two-input multiplexer 180, which receives a 

160 for being written into. wired arithmetic zero as its second input signal. The samples 

A decoder 175 furnishes the AND gate 173 the first of its 5 of tne multiplexer 180 output signal are applied to the digital 

two input signals, decoding the modulo-6 scan-line count adder 179 as second summands. The multiplexer 180 

from the FIG. 6 scan line counter circuitry 140 being four to receives the read/write signal of the odd linestore memory 

generate a ONE as its decoder response, which otherwise is 161 as its control signal. Except when the odd linestore 

a ZERO. The AND gate 173 receives the one's complement memory 161 is conditioned for writing, the multiplexer 180 

of modulo-2 field count from the FIG. 6 field counter 137 as 10 reproduces in its output signal the read-out from the 

the second of its two input signals and is conditioned by the linestore memory 177, so the linestore memory 177, adder 

complemented field count being ONE, indicative of the field 179 and multiplexer 180 operate to accumulate successive 

being an even field, to repeat the decoder 175 response as its lines of weighted samples supplied from the ROM 178. 

own response, which is in turn repeated in the OR gate 171 When the odd linestore memory 161 is conditioned for 

response applied to the linestore memory 160 as its read/ 1S writing, the multiplexer 180 reproduces in its output signal 

write command. When the complemented field count is the wired arithmetic zero, so accumulation starts over. 

ZERO, indicative of the field being an odd field, the AND The horizontally decimated response to Y, U or V signal 

gate 173 response is ZERO and the decoder 175 can no from one of the FIG. 6 set 124 of horizontal decimation 

longer selectively condition the linestore memory 160 for filters, the modulo-6 scan line count from the FIG. 6 scan 

being written into. 20 line counter circuitry 140, and the modulo-2 field count from 

The elements 141-152 (and elements 162 and 163) form the FIG. 6 field counter 140 are also used to address a 
a first finite-impulse-response vertical lowpass filter (LPF) read-only memory 181 that weights each of the 720-active- 
for generating a first vertical LPF response to the Y, U or V lines-per-field scan lines for inclusion in an even one of the 
video signal during odd fields in raster scan, which first 240-active-lines-per-field scan lines. The weighted samples 
vertical LPF response is lowpass in at least the direction 25 of this 720-active-lines-per-field scan line are supplied as 
perpendicular to line scan, is written to the odd-line linestore first summands to a digital adder 182 that supplies its sum 
memory 161 during the last third of each even line of each output samples for writing the linestore memory 176, which 
odd field of raster scan, and is written to the even-line is arranged for read-and-then-write-over operation. The 
linestore memory 160 during the last third of each odd line read-out from the linestore memory 176 is applied as a first 
of each odd field of raster scan. The elements 153-159 (and 30 input signal to a two-input multiplexer 183, which receives 
elements 162 and 163) form a second finite-impulse- a wired arithmetic zero as its second input signal. The 
response vertical lowpass filter (LPF) for generating a samples of the multiplexer 183 output signal are applied to 
second vertical LPF filter response to the Y, U or V video the digital adder 182 as second summands. The multiplexer 
signal during even fields in raster scan, which second filter 183 receives the read/write signal of the even linestore 
response is lowpass in at least the direction perpendicular to 35 memory 160 as its control signal. Except when the even 
line scan, is written to the odd-line linestore memory 161 linestore memory 160 is conditioned for writing, the mul- 
during the last third of each even line of each even field of tiplexer 183 reproduces in its output signal the read-out from 
raster scan, and is written to said even-line linestore memory the linestore memory 176, so the linestore memory 176, 
160 during the last third of each odd line of each even field adder 182 and multiplexer 183 operate to accumulate suc- 
of raster scan. 40 cessive lines of weighted samples supplied from the ROM 
FIG. 8 shows a modification of the FIG. 7 vertical scan 181. When the even linestore memory 160 is conditioned for 
conversion filter for HDTV signals having 720 active scan writing, the multiplexer 183 reproduces in its output signal 
lines per Vfco second frame and not employing field interlace, the wired arithmetic zero, so accumulation starts over, 
which uses fewer line stores. In the FIG. 7 vertical scan The twenty-two lines of vertical retrace in a field- 
conversion filter the first and second vertical LPFs contained 45 interlaced 480-active-scan-Iines-per-frame display should 
as components therein are of output weighted type and be the same time duration as sixty-six lines of progressive- 
supply low pass filtered response for each of the 720 active scan 720-active-scan-lines-per-frame HDTV signal, 
scan lines per Yeo second frame. In a 3:1 vertical decimation Accordingly, the MPEG-2 video decoder 50 display buffer 
filter, however, low pass filtered response is required only clocking is arranged to include a vertical retrace interval 
every third scan line. This permits vertical LPF designs that 50 extending for sixty-six HDTV scan line periods between 
use input weighting and that accumulate lines of weighted every odd field and the succeeding even field when 720- 
samples using only a pair of linestore memories 176 and active-scan-lines-per-frame progressive-scan HDTV signal 
177, each of which will have to accommodate samples with is being regenerated. 

an additional few bits. FIGS. 9 and 10 together show a representative vertical 

In FIG. 8 the elements 141-163 that implemented the first 55 scan conversion filter for processing of the horizontally 

and second vertical LPFs in FIG. 7 are dispensed with. The decimated Y, U or V signal having 1080 interlaced active 

horizontally decimated response to Y, U or V signal from lines per frame to suit that signal for raster scanning the 

one of the FIG. 6 set 124 of horizontal decimation filters, the 16:9-aspect-ratio display screen of a kinescope with inter- 

modulo-6 scan line count from the FIG. 6 scan line counter laced 480 active lines per frame. The FIG. 6 set 127 of 

circuitry 140, and the modulo-2 field count from the FIG. 6 60 vertical scan conversion filters can include three of the 

field counter 140 are used to address a read-only memory FIGURE filters shown in FIGS. 9 and 10, which filters are 

178 that weights each of the 720-active-lines-per-field scan alike, except that the clock rate for U and V signals is 

lines for inclusion in an odd one of the 240-active-lines- normally one-quarter of that for the Y signal. The 540 active 

per-field scan lines. The weighted samples of this 720- lines in each Vfcoth-second field of the digital HDTV signal 

active-lines-per-field scan line are supplied as first sum- 65 are subsampled to 240 active lines for display. This means 

mands to a digital adder 179 that supplies its sum output that, within each field, four scan lines of display are gener- 

samples for writing the linestore memory 177, which is ated each nine lines of digital HDTV signal. There are 
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n the spatial phasing of the nine scan lines of 
digital HDTV signal subsampled to form each of these four 
scan lines of display, so four finite-impuise-response trans- 
versal lowpass niters are required for vertical scan conver- 
sion of a field of digital HDTV signal. If the vertical retrace 
intervals inserted into the reading of the display buffer in the 
MPEG-2 video decoder 50 are properly designed, the same 
four FIR transversal lowpass filters can be used for vertical 
scan conversion during even-numbered fields of digital 
HDTV signal as during odd-numbered fields. 

HDTV video signal having 1125 interlaced lines per 
frame, 1080 of which are active, has a time offset between 
each odd field and the succeeding even field equal to the 
duration of half a scan line, because of the interleaving of the 
HDTV lines. So, if the vertical retrace interval inserted into 
the reading of the display buffer in the MPEG-2 video 
decoder 50 is chosen to be 4.5 HDTV scan line intervals plus 
a multiple of nine HDTV scan line intervals, the vertical 
scan conversion can be performed with the same four FIR 
transversal lowpass filters in all fields. The twenty-two lines 
of vertical retrace in a 480-active-scan-lines 
interlaced NTSC signal is of the same time 
lines of 1080-activc-scan-lines-per-frame field-interlaced 
HDTV signal, which is 4.5 HDTV scan line intervals plus 
five times nine HDTV scan line intervals. The active scan 
lines in the raster defined by the output signals from the 
MPEG-2 video decoder 50 are presumed all to be full lines 
of video samples, rather than there being half lines of video 
samples at the conclusion of each odd field and at the 
beginning of each even field. So, MPEG-2 video decoder SO 
display buffer clocking can be arranged to include a "vertical 
retrace interval" extending for fifty HDTV scan line periods 
between every odd field and the succeeding even field when 
1080-active-scan-lines-per frame field-interlaced HDTV 
signal is being regenerated. The MPEG-2 video decoder 50 
display buffer clocking can further arranged to include a 
"vertical retrace interval" extending for forty-nine HDTV 
scan line periods between every even field and the succeed- 
ing odd field when field-interlaced 1080-active-scan-lines- 
per-frame HDTV signal is being regenerated. Insofar as the 
MPEG-2 video decoder 50 display buffer clocking is 40 
concerned, the field-interlaced 1080-active-scan-lines-per- 
frame HDTV signal as displayed has 1179 scan lines per 
frame. The time required for scanning this expanded raster 
is in accordance with the horizontal and vertical sweeps of 
the viewing screen 1331 of the kinescope 133. The vertical 45 



retrace interval for the field-interlaced 1080-active-scan- 
iines-per-frame HDTV signal is lengthened, better to corre- 
spond with the vertical retrace intervals of the field- 
interlaced 525-scan-lines-per-frame NTSC signal and of the 



per-frame HDTV signal will be invariably referred to as 
third, fourth, fifth and sixth FIR vertical lowpass filters in 
this specification and in the claims following this specifica- 
tion. This is done to promote definition and clarity, by 
avoiding the same elements being referred to by different 
ordinal numbers in the specification and various ones of the 
claims. In construing any claim following this specification, 
the use of first and second FIR vertical lowpass filters for 
vertical scan conversion of progressive 720-active-scan- 
lines-per-frame HDTV signal is not to be inferred from 
recitation of the third, fourth, fifth or sixth FIR vertical 
lowpass filter. Further, the component elements in these 
filters will be referred to by the same ordinal numbers 
throughout the specification and the claims. In construing 
any claim following this specification, no inference is to be 
drawn from this ordinal numbering that elements other than 
those specifically set forth in the claims are included in the 
combination being claimed. 
According to FIG. 9 the third, fourth, fifth and sixth FIR 
'-frame field- 20 vertical lowpass filters in the set 127 of vertical scan 
49.5 conversion filters share a common delay structure compris- 
ing cascaded FIFO linestores 184, 185, 186 and 187. Any 
one of these vertical scan conversion filters can be arranged 
to be supplied differentially delayed signals from its own 
25 respective delay structure, rather than from a shared delay 
structure, in various modifications of the set 127 of vertical 
scan conversion fillers as specifically described with refer- 
ence to FIG. 9. 

The third vertical lowpass filter response additively com- 
30 bines the horizontally decimated Y, U or V signal supplied 
as response by one of the set 125 of decimation filters 
response and that response as delayed by one, two, three and 
four scan lines in {Vn)^My.{^)-.(V^): (Vi s ) ratio. Except 
for finally applying a normalizing factor of which is 
35 done further on in the circuitry as part of an overall ampli- 
tude normalizing procedure using a look-up table (LUT) 
stored in a gain normalization ROM 217, this third vertical 
EPF is constructed as foEows. A digital adder 186 additively 
combines the horizontally decimated response to Y, U or V 
signal and that horizontally decimated response as delayed 
by four scan lines in the cascaded FIFO linestores 184-187. 
A digital adder 187 additively combines the horizontally 
decimated response to Y, U or V signal as delayed by one 
scan line in the FIFO linestore 184 and that horizontally 
as delayed by three scan lines in the 



FIFO linestores 184-186, and the re 
multiplied by five in a digital multiplier 190. A digital adder 
191 additively combines the sum generated by the adder 188 
and the product generated by the multiplier 190. The hori- 
progressive-scan 720-active-scan-lines-per-framc HDTV 50 zonially decimated response to Y, U or V signal as delayed 
signal. This lengthening of the vertical retrace interval by two scan lines in the cascaded FIFO linestores 184 and 



conserves appreciable vertical deflection power. The ratio of 
the number of scan lines during which vertical retrace occurs 
to the number of active lines per field during which vertical 
trace occurs is increased from 1:24 to about 45:480 (i.e., 
1:12), essentially doubling the ratio. This can reduce vertical 
deflection power consumption about 4:1, presuming the 
vertical deflection system not to recover appreciable trace 
energy during retrace by resorting to resonance methods. 
(Such adjustment of the ratio of the number of scan lines 
during which vertical retrace occurs to the number of active 
lines per field during which vertical trace occurs advanta- 
geously conserves vertical deflection power consumption 
even when a kinescope is arranged to display more than 240 
active lines per field.) 

The four FIR transversal lowpass filters used for vertical 
scan conversion of field-interlaced 1080-active-scan-iines- 



185 is multiplied by nine in a digital multiplier 192. which 
can be provided by a wired two-bit place shift. A digital 
adder 193 additively combines the sum generated by the 
> adder 191 and the product generated by the multiplier 192. 
The sum from the adder 193 is halved in a digital divider 
194, which can be provided by a wired single-bit place shift, 
to normalize the gain of the third filter response as thusfar 
derived and subsequently applied to the gain normalization 
) ROM 217 to more closely approximate the gains of the 
fourth, fifth and sixth filter responses as supplied to the gain 
normalization ROM 217. As one skilled in the art of digital 
filter design will appreciate, the latencies associated with the 
multipliers 190 and 191 and with the adders 188, 189, 191 
: and 193 can be compensated for by adjusting the times for 
reading from the FIFO linestore FIFO linestores 184-186 
and by inserting shimming delay elements. 
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The fourth vertical lowpass filter response additively as response by one of the set 125 of decimation filters 

combines the horizontally decimated Y, U or V signal response and that response as delayed by one, two, and three 

supplied as response by one of the set 125 of decimation scan lines in (Vio):(%o):(%):(V4) ratio. Except for finally 

filters response and that response as delayed by one, two, applying a normalizing factor of (Vio), which is done further 

and three scan lines in ( 1 /s):(y5):( 3 /io):(Vio) ratio. Except for 5 on in the FIG. 10 circuitry as part of an overall amplitude 

finally applying a normalizing factor of (Vio), which is done normalizing procedure using a LUT stored in the ROM 217, 

further on in the FIG. 10 circuitry as part of an overall this sixth vertical LPF response is generated by elements 

amplitude normalizing procedure using a LUT stored in the 207-212 as follows. The horizontally decimated response to 

ROM 217, this fourth FTR LPF response is generated by Y, U or V signal as delayed by one scan line in FIFO 

elements 195-200 as follows. The horizontally decimated linestore 184 is multiplied by three in a digital multiplier 

response to Y, U or V signal is multiplied by two in a digital 2 07. The horizontally decimated response to Y, U or V signal 

multiplier 195 which can be provided by a wired single-bit as delayed b two scan Unes ^ pjpo ) iaatam 184 and 185 

place shift. The horizontally decimated response to Y, U or ^ multipIied by four m a digital multiplier 208 . The hori- 

l SSSw K IT^Z ZZflrin'Tt ™ l ^y decimaled res p° nse 10 Y - u ° r v « delayed 

decimated response to Y, U or V signal as delayed by two b ? m a digital multiplier 209 The horizontally deci- 

scan Unes in FIFO linestores 184 and 185 is multiplied by mated response to Y, U or V signal is additively combined 

three in a digital multiplier 197. The latency associated with wth me P roducts from me digital multipliers 207-209 to 

such multiplication can be compensated for by arranging to generate the sixth vertical LPF response. FIG. 8 shows this 
read from the FIFO linestore 185 somewhat earlier in time. 20 additive combination being done using a digital adder 210 to 

The horizontally decimated response to Y, U or V signal as add the horizontally decimated response to Y, U or V signal 

delayed by three scan lines in FIFO linestores 184-186 is to the product from the multiplier 207, a digital adder 211 to 

additively combined with the products from the digital add the sum from the adder 210 with the product from the 

multipliers 195-197 to generate the fourth vertical LPF multiplier 208, and a digital adder 212 to add the sum from 

response. FIG. 8 shows this additive combination being 15 the adder 210 with the product from the multiplier 209. 

done using a digital adder 198 to add the products from the FIG. 10 shows banks 213, 214, 215 and 216 of Instates 

multipliers 195 and 196, a digital adder 199 to add the sum that form a 4:1 multiplexer that selectively applies to the 

from the digital adder 198 with the product from the ROM 217 as a first part of its input addressing the bits of one 

multiplier 197, and a digital adder 200 to add the sum from of the third, fourth, fifth and sixth vertical LPF responses 

the digital adder 1199 with the response of FIFO linestore 30 from relatively low source impedances. A decoder 218 

186. supplies a single bit as a second part of the ROM 217 input 

The fifth vertical lowpass filter response additively com- addressing. The ROM 217 stores a first look-up table (LUT) 

bines the horizontally decimated Y, U or V signal supplied for final normalization of the gain of the third vertical LPF 

as response by one of the set 125 of decimation filters response and a second LUT for final normalization of the 

response and that response as delayed by one, two, and three 35 gains of the fourth, fifth and sixth vertical LPF responses, 

scan lines in ( 3 /io):( 7 /io):( 7 /io):( 3 /io) ratio. Except for finally The decoder 218 decodes the modulo-9 scan line count from 

applying a normalizing factor of (Vio), which is done further the FIG. 6 scan line counter circuitry 140 being four to 

on in the FIG. 10 circuitry as part of an overall amplitude generate a ONE as its decoder response, which conditions 

normalizing procedure using a LUT stored in the ROM 217, the bank 213 of Instates to apply the bits of the third vertical 

this fifth vertical LPF response is generated by elements 40 LPF response from relatively low source impedances to the 

201-206 as follows. A digital adder 201 additively combines ROM 217 as the first part of its input addressing. The 

the horizontally decimated response to Y, U or V signal and decoder 218 response completes the input addressing of the 

that horizontally decimated response as delayed by three ROM 217, selecting the first LUT for gain normalization of 

scan lines in the cascaded FIFO linestores 184-186, and the the third vertical LPF response when it is being selected by 

resulting sum is multiplied by three in a digital multiplier 45 the bank 213 of tristates as the first part of the ROM 217 

202. A digital adder 203 additively combines the horizon- input addressing. When the modulo-9 scan line count from 

tally decimated response to Y, U or V signal as delayed by the FIG. 6 scan line counter circuitry 140 is other than four, 

one scan line in the FIFO linestore 184 and that horizontally the decoder 218 response is a ZERO, which ZERO condi- 

decimated response as delayed by two scan lines in the tions the bank 213 of tristates to apply the bits of the third 

cascaded FIFO linestores 184 and 185, and the resulting sum 50 vertical LPF response from relatively high source imped- 

is multiplied by seven in a digital multiplier 204. A digital ances to the ROM 217 as part of its input addressing. This 

adder 205 additively combines the respective products gen- ZERO applied to the ROM 217 selects the second LUT for 

erated by the multipliers 202 and 204. The sum from the gain normalization of the first part of the ROM 217 input 

adder 205 is halved in a digital divider 206, which can be addressing to generate the ROM 217 output signal, 

provided by a wired single-bit place shift, to normalize the 55 A decoder 219 decodes the modulo-9 scan line count from 

gain of the fifth filter response as thusfar derived and the FIG. 6 scan line counter circuitry 140 being six to 

subsequently applied to the gain normalization ROM 217 to generate a ONE as its decoder response, which conditions 

be the same as the gains of the fourth and sixth filter the bank 214 of tristates to apply the bits of the fourth 

responses as supplied to the gain normalization ROM 217. vertical LPF response from relatively low source imped- 

As one skilled in the art of digital filter design will go ances to the ROM 217 as the first part of its input addressing, 

appreciate, the latencies associated with the multipliers 202 When the modulo-9 scan line count from the FIG. 6 scan line 

and 204 and with the adders 201, 203 and 205 can be counter circuitry 140 is other than six, the decoder 219 

compensated for by adjusting the times for reading from the response is a ZERO, which conditions the bank 214 of 

FIFO linestore FIFO linestores 184-185 and by inserting tristates to apply the bits of the fourth vertical LPF response 

shimming delay elements. 65 from relatively high source impedances to the ROM 217. 

The sixth vertical lowpass filter response additively com- Adecoder 220 decodes the modulo-9 scan line count from 

bines the horizontally decimated Y, U or V signal supplied the FIG. 6 scan line counter circuitry 140 being eight to 
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generate a ONE as its decoder response, which conditions from the gain-normalization ROM 217 when and only when 

the bank 215 of tristates to apply the bits of the fifth vertical the OR gate 227 response is ONE. The OR gate 227 

LPF response from relatively low source impedances to the response is ONE when the decoder 219 response is a ONE, 

ROM 217 as the first part of its input addressing. When the indicative of the selection of the fourth vertical LPF 

modulo-9 scan line count from the FIG. 6 scan line counter 5 response to the ROM 217 as the first part of its input 

circuitry 140 is other than eight, the decoder 220 response is addressing. The OR gate 227 response is also ONE when the 

a ZERO, which conditions the bank 215 of tristates to apply decoder 221 response is a ONE, indicative of the selection 

the bits of the fifth vertical LPF response from relatively of toe sixth vertical LPF response to the ROM 217 as the first 

high source impedances to the ROM 217. par' of its input addressing. Otherwise, the OR gate 227 

Adecoder 221 decodes the modulo-9 scan line count from m res P°. nse » / * ERO ' and the linestore memorv 223 is 

the FIG. 6 scan line counter circuitry 140 being one to condltl ° ned for be >ng ™ d 

generate a ONE as its decoder response, which conditions 0ne skmed m me art of dl 8 ltal mter < ks >8P ^ appreciate 

the bank 216 of tristates to apply the bits of the sixth vertical mat the commutative and associative properties of addition 

LPF response from relatively low source impedances to the and multiplication permit a number of alternative configu- 

ROM 217 as the first part of its input addressing. When the 15 ratl0ns for carrying out the weighted summation procedures 

modulo-9 scan line count from the FIG. 6 scan line counter used t0 g enerate the tnird » fourth, fifth and sixth vertical 

circuitry 140 is other than one, the decoder 221 response is low P ass filter responses. Equivalent digital filters are readily 

a ZERO, which conditions the bank 216 of tristates to apply generated using known digital filter design procedures. The 

the bits of the sixth vertical LPF response from relatively order of performing addition and multiplication operations 

high source impedances to the ROM 217. 20 are preferably chosen for minimizing latency and for avoid- 

The ROM 217 responds to the first part of each binary- *f f mmin g delav "rf^",?? ^ * 

* .... " - J art of digital design will also understand that certain of the 



',. . . r . „ construction, which reduces the latencies associated with 

This normalization by ROM 217 is a further part of the such multiplications. Alternatively, the samples of HDTV 

procedures followec 1 to keep video intensity the same no video si ^ ^ t0 te the sixth vertical LpF nse 

matter whether NTSC, VSB or QAM video signals are being can be taken ^ the cascaded i mestorc m6mories 18 £ 18? 

displayed on the kinescope display screen. 3Q a xaa Hne later m tirnC; taking mc weighted summation of 

The least significant bit of scan line count for 525- scan lines from the output connections of linestore memories 

interleaved-lines-per-frame display is supplied as control 185-187 rather than the output connections of linestore 

signal to a read/wnte address multiplexer 224 and to an memories 184-186, and the decoder 221 can be modified to 

output multiplexer 225. Responsive to that modulo-2 scan generate a ONE when the modulo-9 scan line count is two, 

line count being a ONE, the multiplexer 224 applies the 35 rather than one. The HDTV scan line counts associated with 

reduced-rate subsample-per-line count to the linestore vertical retrace intervals can be altered slightly, which will 

memory 222 as read addressing and applies the subsample- affect the modulo-9 HDTV scan line counts decoded by the 

per-line count to the linestore memory 223 as write address- decoders 218-221; these are minor design variations within 

ing. Responsive to the modulo-2 scan line count being a the knowledge of digital television engineers of ordinary 

ZERO, the multiplexer 224 applies the reduced-rate 40 skill to make, and this should be taken into account when 

subsample-per-line count to the linestore memory 223 as construing the scope of the claims following this specifica- 

read addressing and applies the subsample-per-line count to tion. 

the linestore memory 222 as write addressing. Responsive to nG . U shows a modification 0 f the vertical scan con- 

the modulo-2 scan line count being a ONE, the multiplexer version filter shown in FIGS. 9 and 10 for HDTV signals 

225 selects read-out from the linestore memory 222 as the 45 havmg 10 80 active scan lines per Vao second frame and 

^o'n 51 ^ 3 !^ 0111 mC VCrtical X3a conversion mter of employing field interlace. The vertical lowpass filters of 

FIGS. 9 and 10. Responsive to the modulo-2 scan line count FIG. 9, which weight output signals read from cascaded 

being a ZERO, the multiplexer 225 selects read-out from the HF0 ii nest0 res are replaced in FIG. 11 by vertical lowpass 

linestore memory 223 as the output signal from the vertical fii ters which we ig ht i^t signals written into linestores 

scan conversion filter of FIGS. 9 and 10. 50 operated as accumulators. 

The response of an OR gate 226 is applied to the linestore The horizontally decimated response to Y, U or V signal 

memory 222 as its read/write command. The linestore from one of the FIG. 6 set 125 of horizontal decimation 

memory 222 is conditioned to be written by output signal filters and the modulo-9 scan line count from the FIG. 6 scan 

from the gam-normalization ROM 217 when and only when hne counter circuitry 140 are used to address a read-only 

the OR gate 226 response is ONE. The OR gate 226 55 memory 228 that weights each of the 540-active-lines-per- 

response is ONE when the decoder 218 response is a ONE, field scan lines for inclusion in the third vertical LPF 

indicative of the selection of the third vertical LPF response response. The weighted samples of this 540-active-lines- 

to the ROM 217 as the first part of its input addressing. The per -field scan line are supplied as first summands to a digital 

OR gate 226 response is also ONE when the decoder 220 adder 229 that supplies its sum output samples for writing a 

response is a ONE, indicative of the selection of the fifth 60 linestore memory 230, which is arranged for read-and-then- 

vertical LPF response to the ROM 217 as the first part of its write-over operation. The read-out from the linestore 

input addressing. Otherwise, the OR gate 226 response is a memory 230 is applied as a first input signal to a two-input 

ZERO, and the linestore memory 222 is conditioned for multiplexer 231, which receives a wired arithmetic zero as 

being read from. its second input signal. The samples of the multiplexer 231 

The response of an OR gate 227 is applied to the linestore 65 output signal are applied to the digital adder 229 as second 

memory 223 as its read/write command. The linestore summands. The multiplexer 231 receives the decoder 218 

memory 223 is conditioned to be written by output signal response as its control signal. Except when the decoder 218 
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response is ONE, the multiplexer 231 reproduces in its linestore memory 242, which is arranged for read-and-then- 

output signal the read-out from the linestore memory 230, so write-over operation. The read-out from the linestore 

the linestore memory 230, adder 229 and multiplexer 231 memory 242 is applied as a first input signal to a two-input 

operate to accumulate successive lines of weighted samples multiplexer 243, which receives a wired arithmetic zero as 

supplied from the ROM 228. When the decoder 218 5 its second input signal. The samples of the multiplexer 243 

response is ONE, the multiplexer 231 reproduces in its out t si ^ are lfcd t0 the di ital adder 241 M second 

output signal the wired arithmetic zero, so accumulation summands . ^ multiplexer 243 receives the decoder 221 

starts over. response as its control signal. Except when the decoder 221 

The horizontally decimated response to Y, U or V signal response is ONE, the multiplexer 243 reproduces in its 

from one of the FIG. 6 set 125 of horizontal decimation 10 output signal the read-out from the linestore memory 242, so 



the linestore memory 242, adder 241 and multiplex 



filters and the modulo-9 scan line count from the FIG. 6 scan 

line counter circuitry 140 are used to address a read-only operate to accumiilate successive 'lines of weighTeTsamples 
memory 232 that weights each of the 540-active-lines-per- supplied from the ROM 240. When the decoder 221 
field scan lines for inclusion in the fourth vertical LPF response is ONE, the multiplexer 243 reproduces in its 

response. The weighted samples of this 540-active-lines- 15 output s i gna i me wired arithmetic zero, so accumulation 

per-field scan line are supplied as first summands to a digital starts over. 

adder 233 that supplies its sum output samples for writing a T t. .. c ,• f ... 
linestore memory 234, which is arranged for read-and-then- ™T SCan h , COnV ™ 
., ',. T , , f c . a . filter shown in FIGS. 11 and 10, the weightmg in the 
wnte-over operation^ The read-ou from the linestore ^ig ROM 228 can be scaled to allow for L gain- 
memory 234 is apphed as a first input s«nd to a two-input 20 J^kin ROM 217 being modified, so as to store only 
multiplexer 235, which receives a wired arithmetic zero as a ^ gam . normalization ^ and ^ t0 have its m * 
its second input signal. The samples of the multiplexer 235 shortened ^ M from ^ 
output signal are apphed to the digital adder 233 as second m of non . m ^ wei hts m , he si al 
r™t plTT ,h C from lhe ROM 228 increases the bit width of the 
response is ONE, ttie multiplexer 235 reproduces in its modifications of me vertical scan conversion mt&IS for 

X^^^St^^SZ^^ neld-interlaced 1080-active-scan-lines-per-frame signals 

the linestore memory 234, adder 233 and multiplexer 235 ^ haye ^ d d described tbe sli hfl m ^ er ? fof 

^t^Z^^rZZSZft x ^verticalLPFr^mayWaccfpteL?^ 

Tr- is aiT the d mui r xer 235 reproduces r> srss ^jtftrsrfss 

staSs ovf ^ C Zer °' 80 aCCUmUlatl °° gain-normalization LUT and so as to have its input address- 

„ , r '. „ j . , „, ing shortened to eliminate the bit from the decoder 218. 

The horizontally decimated response to Y, U or V signal . . ^. ... . - 
from one of the FIG. 6 set 125 of horizontal decimation 35 ,. F , IG ' U ^ows representative clocking circuitry for vcr- 
filters and the modulo-9 scan line count from the FIG. 6 scan !£ al aversion filters as shown in FIG. 7 or m FIG. 8. 
line counter circuitry 140 are used to address a read-only ™ e Z 20 active hnes P er one-sixtieth second progressive- 
memory 236 that weights each of the 540-active-lines-per- £™ ^ ^J?*" 01 b ? &T mem0ry m 
field scan lines for inclusion in the fifth vertical LPF ^.f™? 7 lieo decoder " * ™PP ]l ? t0 »,P? te J[Jf 
response. The weighted samples of this 540-active-lines- 40 dw ] de \ 244 that generates the subsample clock for 720- 
per-field scan line are supplied as first summands to a digital a 5 1Ve " llD ! s ,-P e !: frame 1 Progressively-scanned Y signal, 
adder 237 that supplies its sum output samples for writing a ™ ere I 280 s ? m P les P er hne 10 l r he 720 "^J™* P er 
linestore memory 238, which is arranged for read-and-then- J"**""** s ^°° d progressive-scan frame standard that has 
write-over operation. The read-oui from the linestore beeD VW**- Therefore, a 4:3 decimation to 960 samples 
memory 238 is applied as a first input signal to a two-input 45 SC3D *f 6 ° f 16:9 as P ecl "" ll ° ^ signal corresponds to the 
multiplexer 239, which receives a wired arithmetic zero as ™ samples per scan hne of 4:3-aspecl-ratioY signal m the 
its second input signal. The samples of the multiplexer 239 f 0 • c6w * 1 h f P er u ^"thirtieth *«»>d field-interlaced 
output signal are apphed to the digital adder 237 as second frame Standard mat has P ro P osed - 
summands. The multiplexer 239 receives the decoder 220 These, carries are also counter input to counters 245 and 
response as its control signal. Except when the decoder 220 50 246 - ^ counter 245 > which is periodically reset by HDTV 
response is ONE, the multiplexer 239 reproduces in its horizontal synchronizing pulses, counts the number of sub- 
output signal the read-out from the linestore memory 238, so sample clocks for 720-active-lines-per-frame progressively- 
the linestore memory 238, adder 237 and multiplexer 239 scanned Y signal that occur in each HDTV scan line. Count 
operate to accumulate successive lines of weighted samples from ^ counter 245 is supplied to the FIG. 7 (or 8) 
supplied from the ROM 236. When the decoder 220 55 read/write address multiplexer 164 as write addressing for 
response is ONE, the multiplexer 239 reproduces in its me mG - 7 ( or 8 ) odd-line and even-line linestore memories 
output signal the wired arithmetic zero, so accumulation 161 in- 
stalls over. The counter 246 counts the counter 244 carries modulo-2 
The horizontally decimated response to Y, U or V signal to generate its own carries, which are counter input to a 
from one of the FIG. 6 set 125 of horizontal decimation 60 modulo-2 counter 247 and to a modulo-3 counter 248. The 
filters and the modulo-9 scan line count from the FIG. 6 scan carries from the modulo-2 counter 247 are used as the 
line counter circuitry 140 are used to address a read-only subsample clock for 720-active-lines-per-frame 
memory 240 that weights each of the 540-active-lines-per- progressively-scanned U and V signals, 
field scan lines for inclusion in the sixth vertical LPF The carries from the modulo-3 counter 248 are supplied 
response. The weighted samples of this 540-active-lines- 65 to the FIG. 6 DAC clock selection circuitry 130 as the 
per-field scan hne are supplied as first summands to a digital reduced-rate subsample clock for 720-active-lines-per- 
adder 241 that supplies its sum output samples for writing a frame progressively-scanned Y signal, which reduced-rate 
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subsample clock is. The carries from the modulo-3 counter nine lines of HDTV raster scan by carries from the FIG. 6 

248 are also counter input for a modulo-4 counter 249. The counter 1403. Accordingly, the counter 256 counts the 

carries from the counter 249 are supplied to the FIG. 6 DAC number of subsamples in one line of 480 active-lines-per- 

clock selection circuitry 13© as the reduced-rate subsample frame raster scan. Count from the counter 256 is supplied to 

clock for 720-active-lines-per-frame progressively-scanned 5 the to supply the FIG. 10 read/write address multiplexer 197 

U and V signals. These reduced-rate subsample clocks are read addressing for the FIG. 10 odd-line and even-line 

preferably applied to respective puke stretching circuitry linestore memories 195 and 196. 

(not shown) to permit operating speed requirements on the FIG. 14 shows how to construct a horizontal decimation 

FIG. 6 digital-to-analog conversion circuitry 129 being filter that generates 960 samples per line decimated response 

eased - 10 both for HDTV signals having 720 active scan lines per Ym 

The carries from the modulo-3 counter 248 are counted by second frame with progressive scan and for HDTV signals 

\S! n!er 2S0, which Ls P"' 0 * 3 ' 0 * 11 ? reset ever V six ^ oi having 1080 active scan tines per Vk> second frame with field 

HDTV raster scan by carries from the FIG. 6 counter 1402. interlace, which horizontal decimation filter can replace a 

Accordingly, the counter 250 counts the number of sub- pair of ^pirnc horizontal decimation filters in the FIG. 6 

samples m one line of 480 active-lines-per-frame raster scan. ^ 124 and 125 of horizontal decimation filters. AY, U or 

Count from the counter 250 is supplied to the FIG. 7 (or 8) V signal is resampled to 3840 samples per HDTV scan line 

read/write address multiplexer 164 as read addressing for the by resampling circuitry 257 in an oversampiing procedure. 

H 1fift OT even-line linestore memories 161 Th at is, each sample of a Y signal for the 720 active scan 

and 160. per i /eo sj^j f rame wjtjj progressive scan is twice 

FIG. 13 shows representative clocking circuitry for ver- , Q repeated in the resampling circuitry 257 output signal; and 

tical scan conversion filters as shown in FIGS. 9 and 10 or " each sample of a U or V signal for that standard is eight 

in FIGS. 11 and 10. The 1080 active line per one-thirtieth times repeated, supposing its sample rate from the MPEG -2 

second field-interlaced frame sample clock used for display video decoder 50 is one quarter that of Y signals. Each 

buffer memory in the MPEG-2 video decoder 50 is supplied sample of a Y signal for the 720 active scan lines per *&> 

to a pulse rate divider 251 that generates the subsample 2J second frame with progressive scan is thrice repeated in the 

clock for the field-interlaced 1080-active-lines-per-frame Y resampling circuitry 257 output signal; and each sample of 

signal There are 1920 Y samples per line in the 1080 active a U or V signal for that standard is twelve times repealed, 

line per one-thirtieth second field-interlaced frame standard supposing its sample rate from the MPEG-2 video decoder 

that has been proposed. Therefore, a 2:1 decimation to 960 50 to be one quarter that of Y signals. The resampling 

samples per scan line of 16:9-aspect-ratio Y signal corre- 3Q circuitry 257 output signal is then supplied to a 4:1 deci- 

sponds to the 720 samples per scan line of 4:3-aspcct-ratio ma tion filter to recover the decimated response. If a U or V 

Y signal in the 480 active line per one-thirtieth second signal is being decimated the output of the 4:1 decimation 

field-interlaced frame standard that has been proposed. This filter is preferably supplied to another 4:1 decimation filter 

means that the pulse rate divider 251 can simply comprise a to reduce its sampling rate to one-fourth that of the Y signal. 

moduto-2 counter for receiving the sample clock rate from 3J FIG. 14 shows the (earlier) 4:1 decimation filter as 

the MPEG-2 video decoder 50 as counter input and supply- comprising a cascade of one-sample d.ldv tUmrris 

ing output carries at half sample clock rate to generate the Y 258-260 as can be provided by respective clocked latches, 

subsample clock. Tbe resampling circuitry 257 output signal, that signal as 

The half sample clocks from the pulse rate divider 251 are delayed one sample, that signal as delayed two samples and 

also counter input to counters 252, 253 and 254. The counter w that signal as delayed three samples are weighted in 1:3:3:1 

252, which is periodically reset by HDTV horizontal syn- ratio and then summed. FIG. 14 shows this weighted sum- 

chronizing pulses, counts the number of subsample clocks mation being carried out, using a digital adder 261 to sum 

for field-interlaced 1080-active-lines-per-frame Y signal that the resampling circuitry 257 output signal as delayed one 

occur in each HDTV scan line. Count from the counter 252 sample by delay element 258 and as delayed two samples by 

is supplied to supplied to the FIG. 10 read/write address 4J cascaded delay elements 258 and 259, using a digital mul- 

multvplexer 197 as write addressing for the FIG. 10 odd-line tiplier 262 to triple the sum from the digital adder 261, using 

and even-line linestore memories 195 and 196. a digital adder 263 to sum the resampling circuitry 257 

The counter 253 counts tbe half sample clocks from the output signal and that signal as delayed three samples by 

pulse rate divider 251 modulo-4. The carries from the cascaded delay elements 258-260, and using a digital adder 

counter 253 are used as tbe subsample clock for used as the 50 264 to sum the sum output from the digital adder 261 with 

subsample clock for field-interlaced 1080-active-lines-per- the product output from the digital multiplier 262 to supply 

frame U and V signals. the weighted summation as its sum output signal. The 

The counter 254 counts the half sample clocks from the weighted summation is then supplied to a 4:1 decimator 265 

pulse rate divider 251 modulo-9. The carries from the for generating a horizontally decimated signal with 960 

counter 254 are supplied to the FIG. 6 DAC clock selection 55 samples per HDTV scan line. 

circuitry 130 as the reduced-rate subsample clock for field- In other embodiments of the invention tbe sets 124 and 

interlaced 1080-active-lines-per-frame Y signal. A counter 125 of horizontal decimation filters are not used before the 

255 counts the counter 254 carries modulo-4 to generate its sets 126 and 127 of vertical scan conversion filters, and the 

own carries, which are supplied to the FIG. 6 DAC clock more densely sampled responses of the sets 126 and 127 of 

selection circuitry 130 as the reduced-rate subsample clock ao the vertical scan conversion filters are converted to analog 

for 1080-active-lines-per-frame field-interlaced U and V signals by respective analog-to-digital converters operated 

signals. These reduced-rate subsample clocks are preferably at appropriate sampling rates. This better preserves edge 

applied to respective pulse stretching circuitry (not shown) definition and reduces need for horizontal peaking, but is 

to permit operating speed requirements on the FIG. 6 more costly in terms of hardware. 

digital-to-analog conversion circuitry 129 being eased. 65 In still further embodiments of the invention the FIG. 7 

The carries from the modulo-9 counter 254 are also vertical scan conversion filter is modified to eliminate the 

counted by a counter 256, which is periodically reset every need for the linestore memories 141-145 by banking the 
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'ion of an element by a higher ordinal number is not to be 
used as ?. basis lor inferring the inclusion in the claimed 
combination of a similar element identified by a lower 
ordinal number. Ordinal numbering is solely for differenti- 
ating similar elements in the claims. 
What is claimed is: 
1. A television receiver comprising: 
kinescope, having a display screen with a 16:9 aspect 



display buffer memory in the MPEG-2 video decoder SO so 
that six consecutive scan lines of video signal samples can 
be read out concurrently in parallel data streams. And in yet 
further embodiments of the invention the vertical scan 
conversion filter shown in FIGS. 9 and 10 is modified to s 
eliminate the need for the linestore memories 184-187 by 
banking the display buffer memory in the MPEG-2 video 
decoder 50 so that four consecutive scan lines of video 
signal samples can be read out concurrently in parallel data 
streams. It is somewhat cumbersome to implement both 10 
banking schemes, however, and the possibility of saving 
much digital hardware over vertical scan conversion filters 
as shown in FIG. 8 or in FIGS. 11 and 10 is dubious. 

The scan conversions of received television transmissions 
to provide a 480-active-scan-line frame with field interlace 15 
and with a 16:9 aspect ratio have been described for the 
HDTV transmission standards currently proposed insofar as 
that information is publicly known and for the NTSC TV 
transmission standard. Other scan conversions of received 
television transmissions to provide a 480-active-scan-line 20 
frame with field interlace and with a 16:9 aspect ratio are 
possible and are within the contemplation of the inventor. 
For example, the time compression of each line of NTSC 
signal can be reduced during the NTSC transmission of 
widescreen movies. 25 

This can be done pursuant to viewer control, but it is 
believed to be in the interest of the broadcaster to signal the 
transmission of such widescreen material (e.g., by a signal 
transmitted during vertical retrace interval) so that commer- 
cial advertising would appear in correct aspect ratio. As a 30 
further example, the digital transmission of normal- 
definition TV by digital methods is currently being contem- 
plated in the television industry. 

The vertical scan converter filters that have been partial- 3J 
larly described use linear interpolation. Cubic or higher 
order interpolation functions can alternatively be used. The 
vertical scan converter filters that have been particularly 
described presume that the MPEG-2 video decoder 50 is 
arranged to supply the two digital color difference signals 4Q 
(U, V) in respective rasters each with the same number of 
scan lines as in the raster of the digital luminance signal (Y) 
the decoder 50 also supplies. The MPEG-2 video decoder 50 
is usually constructed to supply U and V each with the same 
number of scan lines as Y in their respective rasters by 4J 
interpolating from rasters with fewer scan lines. 

Where the MPEG-2 video decoder is especially designed 
for use with HDTV receivers having only 480 active lines in 
each frame of display, the vertical interpolation filters can be 
simplified merely to repeat U and V lines subsampled in the 
vertical direction, to generate the progressive-scan U and V 
signals with 720 active lines per field or the field-interlaced 
U and V signals with 540 active lines per field, with 
respective ones of the set 126 or 127 of vertical scan 
conversion filters thereafter being used to define vertical 
aperture for the U and V signals. In other embodiments of 
the invention, the scan conversion of the U and V lines 
subsampled in the vertical direction to 480 active lines in 
each frame of display can be carried out using vertical scan 

conversion filters with kernels that sample more sparsely ^ high-definition television signal was transmitted in accor- 
than the vertical scan conversion filters used for luminance dance with, to generate said rate-divided high-definition- 
signals, television horizontal synchronizing pulses; and wherein said 
In the claims which follow, the word "said" is used high-definition-television scan converter circuitry includes: 
whenever reference is made to an antecedent, and the word a respective set of vertical scan conversion filters for each 
"the" is used for grammatical purposes other than to refer 65 of said plurality of digital television standards; and 
back to an antecedent. In construing any claim following this selection circuitry, responsive to said indications of which 
specification and describing a combiEiahon, the identifica- of said plurality of digital television standards said 



ratio, having phosphors arranged on the back of said 
display screen with a dot pitch for displaying a 480 scan 
line frame, and having at least one electron gun for 
projecting a respective electron beam on the back of 
said display screen; 
a respective kinescope drive amplifier for each said elec- 
tron gun; 

deflection circuitry for scanning each said electron beam 
across the back of said display screen of said kinescope 
in a raster scanning pattern with a 16:9 aspect ratio 
having substantially 240 active lines per field of a 
two-field frame with the scan lines of the two fields 
being interlaced with each other; 

a tuner for receiving high -definition television signals; 

high-definition television signal detection circuitry for 
detecting digitally encoded signals from the modula- 
tion of digital high-definition television signals 
received by said tuner; 

high-definition television signal decoder circuitry for 
decoding the digitally encoded signals to supply raster- 
scanned video signals, for providing high-definition- 
television horizontal synchronizing pulses, and for pro- 
viding high -definition-television vertical synchronizing 
pulses for application to said deflection circuitry to 
control the beginning of vertical scanning in said raster 



pulse rate divider circuitry for dividing the rate of said 
high-definition-television horizontal synchronizing 
pulses to generate rate-divided high-definition- 
television horizontal synchronizing pulses, occurring at 
substantially the same rate as normal-definition hori- 
zontal synchronizing pulses, for application to said 
deflection circuitry to control the beginning of horizon- 
tal scanning in said raster scanning pattern; and 
scan converter circuitry responsive to the video signals 
decoded by said high-definition television signal 
decoder circuitry to generate a respective scan- 
converted video signal for application to each said 
kinescope drive amplifier. 
2. A television receiver as set forth in claim 1; wherein 
said high-definition television signal decoder circuitry is of 
a type for supplying indications of which of a plurality of 
digital television standards said received high-definition 
television signal was transmitted in accordance with; 
wherein said pulse rate divider circuitry is of a type for 
dividing the rate of said high-definition-television horizontal 
synchronizing pulses by one of a plurality of prescribed 
factors, as selected responsive to said indications of which 
of said plurality of digital television standards a received 



US 6,396,542 Bl 



45 



46 



received high-definition television signal was transmit- 
ted in accordance with, for selecting the responses from 
an appropriate one of said set of vertical scan conver- 
sion filters to implement the generation of said respec- 
tive scan-converted video signal for application to each 5 
said kinescope drive amplifier. 

3. A television receiver as set forth in claim 2, wherein 
each said vertical scan conversion filter is in cascade con- 
nection with a horizontal decimation filter for the same one 
of said plurality of digital television standards. 10 

4. A television receiver as set forth in claim 1, wherein 
said high-definition television scan converter circuitry 
includes 

means for converting a prescribed one of said video 
signals decoded by said high-definition television sig- 15 
nal decoder circuitry when progressive -scan digital 
high-definition television signals having 720 active 
lines per frame are decoded by said high-definition 
television signal decoder circuitry, which means com- 
prises: 20 
a counter for counting high-definition-television verti- 
cal synchronizing pulses modulo two to furnish 
indications of which frames of said progressive-scan 
digital high-definition television signals with 720 
active lines per frame are to be used for controlling 25 
the energy of each said electron beam during odd 
fields in said raster scanning pattern and which of 
those frames are to be used for controlling the energy 
of each said electron beam during even fields in said 
raster scanning pattern; 30 
a first odd-line linestore memory read from to generate 
input signal for a first said kinescope drive amplifier 
when odd tines of said raster scanning pattern are 
being scanned; 
a first even-line filestore memory read from to generate 35 
input signal for said first kinescope drive amplifier 
when even lines of said raster scanning pattern are 
being scanned; 
a first read/write address multiplexer, for applying read 
addresses at a first address rate to said first odd-line 40 
linestore memory and write addresses at a second 
address rate to said first even-line linestore memory 
when odd fines of said raster scanning pattern are 
being scanned, and for applying read addresses at 
said first address rate to said first even-line linestore 45 
memory and write addresses at said second address 
rate to said first odd-line linestore memory when 
even lines of said raster scanning pattern are being 
scanned, said second address rate being three times 
said first address rate; 50 
a first vertical lowpass filter for generating, during odd 
fields in said raster scanning pattern, a first filter 
response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 
scan, which said first filter response is written to said 55 
first odd-line linestore memory during the last third 
of each of said even lines of said odd fields of said 
raster scanning pattern being scanned and is written 
to said first even-line linestore memory during the 
last third of each of said odd lines of said odd fields 60 
of said raster scanning pattern being scanned; and 
a second vertical lowpass filter for generating, during 
even fields in said raster scanning pattern, a second 
filter response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 65 
scan, which said second filter response is written to 
said first odd-line linestore memory during the last 



third of each of said even lines of said even fields of 
said raster scanning pattern being scanned and is 
written to said first even-line linestore memory dur- 
ing the last third of each of said odd lines of said even 
fields of said raster scanning pattern being scanned. 

5. A television receiver as set forth in claim 4, wherein 
said first and second vertical lowpass filters together include: 

first delay circuitry for delaying said progressive-scan 
digital high-definition television signals with 720 
active lines per frame by one, two, three, four and five 
scan lines thereof; 

first weighted summation circuitry for generating said first 
filter response as a weighted summation of said 
progressive-scan digital high-definition television sig- 
nals with 720 active lines per frame and those said 
progressive-scan digital high-definition television sig- 
nals as delayed by one, two, three, four and five scan 
lines thereof by said first delay circuitry; and 

second weighted summation circuitry for generating said 
second filter response as a weighted summation of said 
progressive-scan digital high-definition television sig- 
nals with 720 active lines per frame and those said 
progressive-scan digital high-definition television sig- 
nals as delayed by one, two, three, and four scan lines 
thereof by said first delay circuitry. 

6. A television receiver as set forth in claim 4, wherein 
said first vertical lowpass filter includes: 

a first adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 

a first multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said firs! adder its 
respective first summand signal; 

a first read-only memory weighting said prescribed video 
signal in accordance with a first of two vertically 
interleaving kernel patterns for odd fields of said raster 
scanning pattern and in accordance with a first of two 
vertically interleaving kernel patterns for even fields of 
said raster scanning pattern, for supplying said first 
adder its respective second summand input signal; and 

a first read-and-tben-rewrite linestore memory, supplying 
its read-out to said first odd-line linestore memory for 
writing during the last third of each of said even lines 
of said raster scanning pattern being scanned, supply- 
ing its read-out to the second input of said first multi- 
plexer for application to said first adder as its respective 
first summand signal except during the last third of 
each of said even lines of said raster scanning pattern 
being scanned, and being re-written by said respective 
sum output signal of said first adder. 

7. A television receiver as set forth in claim 6, wherein 
said second vertical lowpass filter includes: 

a second adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 

a second multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said second adder its 
respective first summand signal; 

a second read-only memory weighting said prescribed 
video signal in accordance with a second of two 
vertically interleaving kernel patterns for odd fields of 
said raster scanning pattern and in accordance with a 
second of two vertically interleaving kernel patterns for 
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even fields of said raster scanning pattern, for supply- 
ing said second adder its respective second summand 
input signal; and 
a second read-and-then-rewrite linestore memory, supply- 
ing its read-out to said first even-line linestore memory 5 
for writing during the last third of each of said odd lines 
of said raster scanning pattern being scanned, supply- 
ing its read-out to the second input of said second 
multiplexer for application to said second adder as its 
respective first summand signal except during the last 10 
third of each of said odd lines of said raster scanning 
pattern being scanned, and being re-written by said 
respective sum output signal of said second adder. 
8. A television receiver as set forth in claim 7, wherein 
said high-definition television scan converter circuitry 
includes 15 
means for converting a prescribed one of said video 
signals decoded by said high-definition television sig- 
nal decoder circuitry when field-interlaced digital high- 
definition television signals having 1080 active lines 
per frame are decoded by said high-definition television 20 
signal decoder circuitry, which means comprises: 
a second odd-line linestore memory read from to gen- 
erate input signal for a first said kinescope drive 
amplifier when odd lines of said raster scanning 
pattern are being scanned; 25 
a second even-line linestore memory read from to 
generate input signal for said first kinescope drive 
amplifier when even lines of said raster scanning 
pattern are being scanned; 
a second read/write address multiplexer, for applying 30 
read addresses at said first address rate to said second 
odd-line linestore memory and write addresses at a 
third address rate to said second even-line linestore 
memory when odd lines of said raster scanning 
pattern are being scanned, and for applying read 35 
addresses at said first address rate to said second 
even-line linestore memory and write addresses at 
said third address rate to said second odd-line 
linestore memory when even lines of said raster 
scanning pattern are being scanned, said third 40 
address rate being % times said first address rate; 
a third vertical lowpass filter for generating a third filter 
response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 
scan, which said third filter response is written to 45 
said second odd-line linestore memory during a 
fourth of each cycle of nine scan lines of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame; 
a fourth vertical lowpass filter for generating a fourth 50 
filter response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 
scan, which said fourth filter response is written to 
said second even-line linestore memory during a 
sixth of each cycle of nine scan lines of said field- 55 
interlaced digital high-definition television signals 
with 1080 active lines per frame; 
a fifth vertical lowpass filter for generating a fifth filter 
response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 60 
scan, which said fifth filter response is written to said 
second odd-line linestore memory during an eighth 
of each cycle of nine scan lines of said field- 
interlaced digital high-definition television signals 
with 1080 active lines per frame; and 65 
a sixth vertical lowpass filter for generating a sixth filter 
response to said prescribed video signal that is 
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lowpass in at least the direction perpendicular to line 
scan, which said sixth filter response is written to 
said second even-line linestore memory during a 
prescribed one of a first and a second of each cycle 
of nine scan lines of said field-interlaced digital 
high-definition television signals with 1080 active 
lines per frame. 
9. A television receiver as set forth in claim 8, wherein 
said third, fourth, fifth and sixth vertical lowpass filters 
together include: 
delay circuitry for delaying said field-interlaced digital 
high-definition television signals with 1080 active lines 
per frame by one, two, three and four of those field- 
interlaced scan lines; 
third weighted summation circuitry for generating said 
third filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interiaced digital high-definition television sig- 
nals as delayed by one, two, three and four of those 
field-interiaced scan lines by said second delay cir- 

fourth weighted summation circuitry for generating said 
fourth filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high-definition television sig- 
nals as delayed by one, two and three of those 
progressive-scan scan lines by said second delay cir- 
cuitry; 

fifth weighted summation circuitry for generating said 
fifth filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high-definition television sig- 
nals as delayed by one, two and three of those 
progressive-scan scan lines by said second delay cir- 
cuitry; and 

sixth weighted summation circuitry for generating said 
sixth filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high-definition television sig- 
nals as delayed by one, two and three of those 
progressive-scan scan lines by said second delay cir- 

10. A television receiver as set forth in claim 8, wherein 
said third vertical lowpass filter includes: 

a third adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 

a third multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said third adder its 
respective first summand signal; 

a third read-only memory weighting said prescribed video 
signal in accordance with a first of four kernel patterns, 
for supplying said third adder its respective second 
summand input signal; and 

a third read-and-then-rewrite linestore memory, supplying 
its read-out to said second odd-line linestore memory 
for writing during said fourth of each cycle of nine scan 
lines of said field-interlaced digital high-definition tele- 
vision signals with 1080 active lines per frame, sup- 
plying its read-out to the second input of said third 
multiplexer for application to said third adder as its 
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respective first summand signal except duting said 
fourth of each cycle of nine scan lines of said field- 
interlaced digital high-definition television signals with 
1080 active lines per frame, and being re-written by 
said respective sum output signal of said third adder. 

11. A television receiver as set forth in claim 8, wherein 
said fourth vertical lowpass filter includes: 

a fourth adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 1 

a fourth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said fourth adder its 
respective first summand signal; 

a fourth read-only memory weighting said prescribed 
video signal in accordance with a second of said four 
kernel patterns, for supplying said fourth adder its 
respective second summand input signal; and 



a sixth read-only memory weighting said prescribed video 
signal in accordance with a fourth of said four kernel 
patterns, for supplying said sixth adder its respective 
second summand input signal; and 

a sixth read-and-then-rewrite linestore memory, supply- 
ing its read-out to said second even-line linestore 
memory for writing during said prescribed one of the 
first and second lines of each cycle of nine scan lines of 
said field-interlaced digital high-definition television 
signals with 1080 active lines per frame, supplying its 
read-out to the second input of said sixth multiplexer 
for application to said sixth adder as its respective first 
summand signal except during said prescribed one of 
the first and second lines of each cycle of nine scan 
lines of said field-interlaced digital high-definition tele- 
vision signals with 1080 active lines per frame, and 
being re-written by said respective sum output signal of 



14. A television receiver as set forth in claim 4, wherein 



a fourth read-and-then-rewrite linestore memory, supply- 20 said high-definition television scan converter circuitry 
ing its read-out to said second even-line linestore ■ ■■ ■ 



memory for writing during said sixth of each cycle of 
nine scan lines of said field-interlaced digital high- 
definition television signals with 1080 active lines per 
frame, supplying its read-out to the second input of said 25 
fourth multiplexer for application to said fourth adder 
as its respective first summand signal except during 
said sixth of each cycle of nine scan lines of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame, and being 30 
re-written by said respective sum output signal of said 
fourth adder. 

12. A television receiver as set forth in claim 8, wherein 
said fifth vertical lowpass filter includes: 

a fifth adder for combining respective first and second 35 
summand signals thereto for generating a respective 
sum output signal; 

a fifth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said fifth adder its 40 
respective first summand signal; 

a fifth read-only memory weighting said prescribed video 
signal in accordance with a third of four kernel patterns, 
for supplying said fifth adder its respective second 
summand input signal; and 45 

a fifth read-and-then-rewrite linestore memory, supplying 
its read-out to said second odd-line linestore memory 
for writing during said eighth of each cycle of nine scan 
lines of said field-interlaced digital high-definition tele- J0 
vision signals with 1080 active lines per frame, sup- 
plying its read-out to the second input of said fifth 
multiplexer for application to said third adder as its 
respective first summand signal except during said 
eighth of each cycle of nine scan lines of said field- 5J 
interlaced digital high-definition television signals with 
1080 active lines per frame, and being re-written by 
said respective sum output signal of said fifth adder. 

13. A television receiver as set forth in claim 8, wherein 
said sixth vertical lowpass filter includes: 6Q 

a sixth adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 

a sixth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 65 
output connected for supplying said sixth adder its 
respective first summand signal; 



means for converting a prescribed one of said video 
signals decoded by said high-definition television sig- 
nal decoder circuitry when progressive-scan digital 
high-definition television signals having 1080 active 
lines per frame are decoded by said high-definition 
television signal decoder circuitry, which means com- 

a second odd-line linestore memory read from to gen- 
erate input signal for a first said kinescope drive 
amplifier when odd lines of said raster scanning 
pattern are being scanned; 

a second even-line linestore memory read from to 
generate input signal for said first kinescope drive 
amplifier when even lines of said raster scanning 
pattern are being scanned; 

a second read/write address multiplexer, for applying 
read addresses at said first address rate to said second 
odd-line linestore memory and write addresses at a 
third address rate to said second even-line linestore 
memory when odd lines of said raster scanning 
pattern are being scanned, and for applying read 
addresses at said first address rate to said second 
even-line linestore memory and write addresses at 
said third address rate to said second odd-line 
linestore memory when even lines of said raster 
scanning pattern are being scanned, said third 
address rate being % times said first address rate; 

a third vertical lowpass filter for generating a third filter 



lowpass in at least the direction perpendicular to line 
scan, which said third filter response is written to 
said second odd-line linestore memory during a 
fourth of each cycle of nine scan lines of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame; 

a fourth vertical lowpass filter for generating a fourth 
filter response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 
scan, which said fourth filter response is written to 
said second even-line linestore memory during a 
sixth of each cycle of nine scan lines of said field- 
interlaced digital high-definition television signals 
with 1080 active lines per frame; 

a fifth vertical lowpass filter for generating a fifth filter 
response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 
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scan, which said fifth filter response is written to said 
second odd-line linestore memory during an eighth 
of each cycle of nine scan lines of said field- 
interlaced digital high-definition television signals 
with 1080 active lines per frame; and 
a sixth vertical lowpass filter for generating a sixth filter 
response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 
scan, which said sixth filter response is written to 
said second even-line linestore memory during a 
prescribed one of a first and a second of each cycle 
of nine scan lines of said field-interlaced digital 
high-definition television signals with 1080 active 
lines per frame. 
15. A television receiver as set forth in claim 1, wherein is 
said scan converter circuitry includes means for converting 
to 480 active lines per frame with field interlace a prescribed 
one of said video signals detected by said high-definition 
television signal detection circuitry when digital high- 
definition television signals with 1080 active lines per frame 20 
with field interlace are decoded by said high-definition 
television signal decoder circuitry, said means for convert- 
ing comprising: 

an odd-line linestore memory read from to generate input 
signal for a first said kinescope drive amplifier when 25 
odd lines of said raster scanning pattern are being 
scanned; 

an even-line linestore memory read from to generate input 
signal for said first kinescope drive amplifier when 
even lines of said raster scanning pattern are being 30 
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a read/write address multiplexer, for applying read 
addresses at a first address rate to said odd-line 
linestore memory and write addresses at a second 
address rate to said even-line linestore memory when 
odd lines of said raster scanning pattern are being 
scanned, and for applying read addresses at said first 
e to said even-line linestore memory and 



a sixth vertical lowpass filter for generating a sixth filter 
response to said prescribed video signal that is lowpass 
in at least the direction perpendicular to line scan, 
which said sixth filter response is written to said second 
5 even-line linestore memory during a prescribed one of 
a first and a second of each cycle of nine scan lines of 
said field-interlaced digital high-definition television 
signals with 1080 active lines per frame. 
16. A television receiver as set forth in claim 15, wherein 
10 said third, fourth, fifth and sixth vertical lowpass filters 
together include: 
delay circuitry for delaying said field-interlaced digital 
high-definition television signals with 1080 active lines 
per frame by one, two, three and four of those field- 
interlaced scan lines; 
third weighted summation circuitry for generating said 
third filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high-definition television sig- 
nals as delayed by one, two, three and four of those 
field-interlaced scan lines by said second delay cir- 

fourth weighted summation circuitry for generating said 
fourth filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high-definition television sig- 
nals as delayed by one, two and three of those 
progressive-scan scan lines by said second delay cir- 
cuitry; 

fifth weighted summation circuitry for generating said 
fifth filter response as a weighted si 



odd-line linestore memory when even lines of said 
raster scanning pattern are being scanned, said second 
address rate being % times said first address rate; 
a third vertical lowpass filter for generating a third filter 
response to said prescribed video signal that is lowpass 
in at least the direction perpendicular to line scan, 
which said third filter response is written to said second 
odd-line linestore memory during a fourth of each cycle 
of nine scan lines of said field-interlaced digital high- 
definition television signals with 1080 active "" 
frame; 

a fourth vertical lowpass filter for generating a fourth filter 
response to said prescribed video signal that is lowpass 
in at least the direction perpendicular to line scan, 
which said fourth filter response is written to said 55 
second even-line linestore memory during a sixth of 
each cycle of nine scan lines of said field-interlaced 
digital high-definition television signals with 1080 
active lines per frame; 

a fifth vertical lowpass filter for generating a fifth filter so 
response to said prescribed video signal that is lowpass 
in at least the direction perpendicular to line scan, 
which said fifth filter response is written to said second 
odd-line linestore memory during an eighth of each 
cycle of nine scan lines of said field-interlaced digital 65 
high-definition television signals with 1080 active lines 
per frame; and 



field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high -definition television sig- 
nals as delayed by one, two and three of those 
progressive-scan scan lines by said second delay cir- 
cuitry; and 

sixth weighted summation circuitry for generating said 
sixth filter response as a weighted summation of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame and those said 
field-interlaced digital high-definition television sig- 
nals as delayed by one, two and three of those 
progressive-scan scan lines by said second delay cir- 
cuitry. 

17. A television receiver as set forth in claim 15, wherein 
per 50 said third vertical lowpass filter includes: 

a third adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 
a third multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said third adder its 
respective first summand signal; 
a third read-only memory weighting said prescribed video 
signal in accordance with a first of four kernel patterns, 
for supplying said third adder its respective second 
summand input signal; and 
a third read-and- then-re write linestore memory, supplying 
its read-out to said second odd-line linestore memory 
for writing during said fourth of each cycle of nine scan 
tines of said field-interlaced digital high-definition tele- 
vision signals with 1080 active lines per frame, sup- 
plying its read-out to the second input of said third 
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multiplexer for application to said third adder as its 
respective first summand signal except during said 
fourth of each cycle of nine scan lines of said field- 
interlaced digital high-definition television signals with 
1080 active lines per frame, and being re-written by 5 
said respective sum output signal of said third adder. 

18. A television receiver as set forth in claim 15, wherein 
said fourth vertical lowpass filter includes: 

a fourth adder for combining respective first and second 
summand signals thereto for generating a respective 10 
sum output signal; 

a fourth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said fourth adder its 
respective first summand signal; is 

a fourth read-only memory weighting said prescribed 
video signal in accordance with a second of said four 
kernel patterns, for supplying said fourth adder its 
respective second summand input signal; and 

a fourth read-and-then-rewrite linestore memory, supply- 20 
ing its read-out to said second even-line linestore 
memory for writing during said sixth of each cycle of 
nine scan lines of said field-interlaced digital high- 
definition television signals with 1080 active lines per 
frame, supplying its read-out to the second input of said 25 
fourth multiplexer for application to said fourth adder 
as its respective first summand signal except during 
said sixth of each cycle of nine scan lines of said 
field-interlaced digital high-definition television sig- 
nals with 1080 active lines per frame, and being 30 
re-written by said respective sum output signal of said 
fourth adder. 

19. A television receiver as set forth in claim 15, wherein 
said fifth vertical lowpass filter includes: 

a fifth adder for combining respective first and second 35 
summand signals thereto for generating a respective 
sum output signal; 

a fifth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an „ 
output connected for supplying said fifth adder its 
respective first summand signal; 

a fifth read-only memory weighting said prescribed video 
signal in accordance with a third of four kernel patterns, 
for supplying said fifth adder its respective second 45 
summand input signal; and 

a fifth read-and-then-rewrite linestore memory, supplying 
its read-out to said second odd-line linestore memory 
for writing during said eighth of each cycle of nine scan 
lines of said field-interlaced digital high-definition tele- so 
vision signals with 1080 active lines per frame, sup- 
plying its read-out to the second input of said fifth 
multiplexer for application to said third adder as its 
respective first summand signal except during said 
eighth of each cycle of nine scan lines of said field- 55 
interlaced digital high-definition television signals with 
1080 active lines per frame, and being re-written by 
said respective sum output signal of said fifth adder.' 

20. A television receiver as set forth in claim 15, wherein 
said sixth vertical lowpass filter includes: 60 

a sixth adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 

a sixth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 65 
output connected for supplying said sixth adder its 
respective first summand signal; 
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a sixth read-only meij 

signal in accordance with a fourth of said four kernel 
patterns, for supplying said sixth adder its respective 
second summand input signal; and 

a sixth read-and-then-rewrite linestore memory, supply- 
ing its read-out to said second even-line linestore 
memory for writing during said prescribed one of the 
first and second lines of each cycle of nine scan lines of 
said field-interlaced digital high-definition television 
signals with 1080 active lines per frame, supplying its 
read-out to the second input of said sixth multiplexer 
for application to said sixth adder as its respective first 
summand signal except during said prescribed one of 
the first and second lines of each cycle of nine scan 
lines of said field-interlaced digital high-definition tele- 
vision signals with 1080 active hoes per frame, and 
being re-written by said respective sum output signal of 
said sixth adder. 

21. A television receiver comprising: 

a kinescope, having a display screen with a 16:9 aspect 
ratio, having phosphors arranged on the back of said 
display screen with a dot pitch for displaying a 480 scan 
line frame, and having at least one electron gun for 
projecting a respective electron beam on the back of 
said display screen; 

a respective kinescope drive amplifier for each said elec- 
tron gun; 

deflection circuitry for scanning each said electron beam 
across the back of said display screen of said kinescope 
in a raster scanning pattern with a 16:9 aspect ratio 
having substantially 240 active lines per field of a 
two-field frame with the scan lines of the two fields 
being interlaced with each other; 

a tuner for receiving high-definition television signals; 

high-definition television signal detection circuitry for 
detecting digitally encoded signals from the modula- 
tion of digital high-definition television signals 
received by said tuner; 

high-definition television signal decoder circuitry for 
decoding the digitally encoded signals to supply raster- 
scanned video signals, for providing high-definition- 
television horizontal synchronizing pulses, and for pro- 
viding high -definition-television vertical synchronizing 
pulses for application to said deflection circuitry to 
control the beginning of vertical scanning in said raster 
scanning pattern; 

pulse rate divider circuitry for dividing the rate of said 
high-definition-television horizontal synchronizing 
pulses to generate rate-divided high-definition- 
television horizontal synchronizing pulses, occurring at 
substantially the same rate as normal-definition hori- 
zontal synchronizing pulses, for application to said 
deflection circuitry to control the beginning of horizon- 
tal scanning in said raster scanning pattern; and 

means responsive to the video signals decoded by said 
high-definition television signal decoder circuitry for 
generating a respective scan-converted video signal for 
application to each said kinescope drive amplifier, 
including 

means for converting said video signals decoded by 
said high-definition television signal decoder cir- 
cuitry to field-interlaced video signals with 480 
active lines per frame when progressive-scan digital 
high-definition television signals with 720 active 
lines per frame are decoded by said high-definition 
television signal decoder circuitry, the frame rale of 
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said field-interlaced video signals being hail the 
frame rate of said progressive-scan digital high- 
definition television signals. 

22. A television receiver as set forth in claim 21, adapted 
for receiving a progressive-scan luminance signal with 720 s 
active lines per frame as a first of said video signals decoded 
by said high-definition television signal decoder circuitry, 
wherein said means for converting said video signals 
decoded by said high-definition television signal decoder 
circuitry to field-interlaced video signals includes: io 

first scan converter circuitry for converting said 
progressive-scan luminance signal with 720 active 
lines per frame to a field-interlaced luminance signal 
with 480 active lines per frame. 

23. A television receiver as set forth in claim 21, adapted is 
for respectively receiving a progressive-scan first color- 
difference signal and a progressive-scan second color- 
difference signal as a second and a third of said video signals 
decoded by said high-definition television signal decoder 
circuitry, wherein said means for converting said video 20 
signals decoded by said high-definition television signal 
decoder circuitry to field-interlaced video signals further 
includes: 

second scan converter circuitry for converting said 
progressive-scan first color-difference signal to a line- 25 
interlaced first color-difference signal with 480 active 
lines per frame; and 

third scan converter circuitry for converting said 
progressive-scan second color-difference signal to a 
line-interlaced second color-difference signal with 480 30 
active lines per frame. 

24. A television receiver comprising: 

a kinescope, having a screen with a 16:9 aspect ratio, 
having phosphors arranged on the back of said screen 
with a dot pitch for displaying a 480 scan line frame, 
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r.on ■ ! definition television signal detection circuitry 
to generate a respective time-compressed normal- 
definition video signal for application to each said 
kinescope drive amplifier during each said first time; 

high definition television signal detection circuitry for 
detecting digitally encoded signals from the modula- 
tion of digital high-definition television signals 
received by said tuner during second times; 

high-definition television signal decoder circuitry for 
decoding the digitally encoded signals during said 
second times, for providing high-definition-television 
horizontal synchronizing pulses during said second 
times, and for providing high-definition-television ver- 
tical synchronizing pulses for application to said 
deflection circuitry to control the beginning of vertical 
scanning in said raster scanning pattern during said 
second times; 

pulse rate divider circuitry for dividing the rate of said 
high-definition-television horizontal synchronizing 
pulses to generate rate-divided high -definition- 
television horizontal synchronizing pulses, occurring at 
illy the same rate as normal -definition norl- 



and having at least one electron gun for projecting a 
respective electron beam on the back of said display 
screen; 

a respective kinescope drive amplifier for each said elec- 



zontaS synchronizing pulses, for applica 
deflection circuitry to control the beginning of horizon- 
tal scanning in said raster scanning pattern during said 
second times; and 
scan converter circuitry responsive, to the video signals 
decoded by said high-definition television signal 
decoder circuitry to generate a respective scan- 
converted video signal for application to each said 
kinescope drive amplifier during said second times. 
25. A television receiver as set forth in claim 24; wherein 
said high-definition television signal decoder circuitry is of 
a type for supplying indications of which of a plurality of 
digital television standards said received high-definition 



television signal was transmitted in accordance with; 
wherein said pulse rate divider circuitry is of a type for 
dividing the rate of said high -definition-television horizontal 
_^ synchronizing pulses by one of a plurality of prescribed 
tron gun; "~ fo c t ofs> 35 selected responsive to said indications of which 

deflection circuitry for scanning each said electron beam of said plurality of digital television standards a received 
across the back of said display screen of said kinescope high-definition television signal was transmitted in accor- 
in a raster scanning pattern with a 16:9 aspect ratio dance with, to generate said rate-divided high-definition- 
having substantially 240 active lines per field of a television horizontal synchronizing pulses; and wherein said 
two-field frame with the scan lines of the two fields high-definition-televis'ion scan converter circuitry includes: 



being interlaced with each other; 

a tuner capable of receiving normal-definition television 
signals at first times; 

normal-definition television signal detection circuitry for 50 
detecting the video signals contained in the modulation 
of normal-definition television signals received by said 
tuner during said first times; 

a horizontal sync separator for separating normal- 
definition horizontal synchronizing pulses from video 55 
signals detected by said normal-definition television 
signal detector, for application to said deflection cir- 
cuitry to control the beginning of horizontal scanning in 
said raster scanning pattern during said first times; 

a vertical sync separator for separating normal-definition 60 
vertical synchronizing pulses from video signals 
detected by said normal-definition television signal 
detector, for application to said deflection circuitry to 
control the beginning of vertical scanning in said raster 
scanning pattern during said first times; $5 

time compression circuitry for time compressing the 
normal-definition video signals detected by said 



respective set of vertical scan conversion filters for each 
of said plurality of digital television standards; and 
selection ci rcuitry, responsive to said indications of which 
of said plurality of digital television standards said 
received high-definition television signal was transmit- 
ted in accordance with, for selecting the responses from 
an appropriate one of said set of vertical scan conver- 
sion filters to implement the generation of said respec- 
tive scan-converted video signal for application to each 
said kinescope drive amplifier. 

26. A television receiver as set forth in claim 25, wherein 
each said vertical scan conversion filter is in cascade con- 
nection with a horizontal decimation filter for the same one 
of said plurality of digital television standards. 

27. A television receiver comprising: 

a kinescope, having a display screen with a 16:9 aspect 
ratio and having at least one electron gun for projecting 
a respective electron beam on the back of said display 

a respective kinescope drive amplifier for each said elec- 
tron gun; 
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deflection circuitry for scanning each said electron beam 
across the back of said display screen of said kinescope 
in a raster scanning pattern with a 16:9 aspect ratio 
having, in a two-field frame with the scan lines of the 
two fields being interlaced with each other, a first s 
prescribed number of scan lines per field during which 
vertical trace occurs and having a second prescribed 
number of scan lines per field during which vertical 
retrace occurs, the ratio of said second prescribed 
number to said first prescribed number being substan- 
tially more than 1:24; 

a tuner for receiving high-definition television signals 
having 540 active lines; 

high-definition television signal detection circuitry for 
detecting digitally encoded signals from the modula- ls 
lion of digital high-definition television signals 
received by said tuner; 

high-definition television signal decoder circuitry for 
decoding the digitally encoded signals to supply raster- 
scanned video signals, for providing high-definition- 2 o 
television horizontal synchronizing pulses, and for pro- 
viding high-definition-television vertical synchronizing 
pulses for application to said deflection circuitry to 
control the beginning of vertical scanning in said raster 
scanning pattern; 2S 

pulse rate divider circuitry for dividing the rate of said 
high-definition-television horizontal synchronizing 
pulses to generate rate-divided high-definition- 
television horizontal synchronizing pulses, occurring at 
substantially the same rate as normal-definition hori- 30 
zontal synchronizing pulses, for application to said 
deflection circuitry to control the beginning of horizon- 
tal scanning in said raster scanning pattern; and 

means responsive to the video signals decoded by said 
high-definition television signal decoder circuitry for 35 
generating a respective scan-converted video signal for 
application to each said kinescope drive amplifier, 
including 

means for converting said video signals decoded by 
said high-definition television signal decoder cir- 40 
cuitry to field-interlaced video signals for display, 
with said first prescribed number of scan lines per 
field during which vertical trace occurs and said 
second prescribed number of scan lines per field 
during which vertical retrace occurs, when field- 45 
interlaced luminance signals with 1080 active lines 
per frame are decoded by said high-definition tele- 
vision signal decoder circuitry. 

28. A television receiver as set forth in claim 27, wherein 
said means for converting said video signals decoded by said 50 
high-definition television signal decoder circuitry to field- 
interlaced video signals for display is of a type that sub- 
samples said field-interlaced luminance signals with 1080 
active lines per frame in the vertical trace direction for 
generating four scan lines for display from each successive 55 
set of nine scan lines of said field-interlaced luminance 
signals decoded by said high-definition television signal 
decoder circuitry, and further is of a type for inserting 
additional scan fines per field during which vertical retrace 
occurs, so said ratio of said first prescribed number of scan 60 
lines per field during which vertical trace occurs to said 
second prescribed number of scan lines per field during 
which vertical retrace occurs is of the order of 1:12. 

29. A television receiver as set forth in claim 27, wherein 
said means for converting said video signals decoded by said 6 
high-definition television signal decoder circuitry to field- 
interlaced video signals for display is of a type that includes: 
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first scan converter circuitry that subsamples said field- 
interlaced luminance signals with 1080 active lines per 
frame in ice vertical trace direction for generating a 
field-interlaced luminance signal with 480 active lines 
per frame. 

30. A television receiver as set forth in claim 29, adapted 
for respectively receiving a field-interlaced first color- 
difference signal and a field-interlaced second color- 
difference signal as a second and a third of said video signals 
decoded by said high-definition television signal decoder 
circuitry, wherein said means for converting said video 
signals decoded by said high-definition television signal 
decoder circuitry to field-interlaced video signals further 



second scan converter circuitry for converting said field- 
interlaced first color-difference signal decoded by said 
high-definition television signal decoder circuitry to a 
line-interlaced first color-difference signal with 480 
active lines per frame; and 
third scan converter circuitry for converting said line- 
interlaced second color-difference signal decoded by 
said high-definition television signal decoder circuitry 
to a line-interlaced second color-difference signal with 
480 active lines per frame. 
31. A tele vision receiver comprising: 
a kinescope, having a display screen with a width-to- 
height aspect ratio of appreciably more than 4:3, having 
phosphors arranged on the back of said display screen 
with a dot pilch for displaying a frame of substantially 
480 scan lines occupying substantially the full height of 
said display screen, and having at least one electron gun 
for projecting a respective electron beam on the back of 
said display screen; 
a respective kinescope drive amplifier for each said elec- 
tron gun, each which respective kinescope drive ampli- 
fier receives a respective analog drive signal to be 
amplified; 

deflection circuitry for scanning each said electron beam 
across the back of said display screen of said kinescope 
in a raster scanning pattern having a vertical sweep 
component, having a horizontal sweep component, 
having said width-to-beight aspect ratio of appreciably 
more than 4:3, and having a prescribed number sub- 
stantially 240 of active lines in each field of each 
two-field frame, with the scan lines of the two fields 
being interlaced with each other; 
a tuner for receiving high -definition television signals; 
high-definition television signal detection circuitry for 
detecting digitally encoded signals from the modula- 
tion of digital high-definition television signals 
received by said tuner; 
television signal decoder circuitry for decoding portions 
of the digitally encoded signals to generate digital 
signals representative of video images; and 
analog drive signal generation circuitry for converting 
said digital signals representative of video images to 
said respective analog drive signal for each said kine- 
scope drive amplifier. 

32. A television receiver as set forth in claim 31, wherein 
the height-to-width aspect ratio of said display screen is 
substantially 16:9. 

33. A television receiver as set forth in claim 31, wherein 
said kinescope has a first electron gun arranged for project- 
ing its respective electron beam to phosphors on the back of 
said display screen which emit red light in response thereto, 
has a second electron gun for projecting its respective 
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electron beam to phosphors on the back of said display 
screen which emit green light in response thereto, and has a 
third electron gun for projecting its respective electron beam 
to phosphors on the back of said display screen which emit 
blue light in response thereto; wherein there is a first 5 
kinescope drive amplifier for said first electron gun, which 
said first kinescope drive amplifier receives for amplification 
a red analog drive signal from said analog drive signal 
generation circuitry; wherein there is a second kinescope 
drive amplifier for said second electron gun, which said to 
second kinescope drive amplifier receives for amplification 
a green analog drive signal from said analog drive signal 
generation circuitry; and wherein there is a third kinescope 
drive amplifier for said third electron gun, which said third 
kinescope drive amplifier receives for amplificatioi " " 
analog drive signal from said analog drive si 
circuitry. 

34. A television receiver as set forth in claim 33, wherein 
said analog drive signal generation circuitry comprises: 

circuitry for converting said digital descriptions of video 20 
images to a digital luminance signal having said pre- 
scribed number of active lines in each field, a digital 
first color difference signal having said prescribed 
number of active lines in each field, and a digital 
second color difference signal having said prescribed 25 
number of active lines in each field; 

digital-to-analog conversion circuitry for converting said 
digital luminance signal, said digital first color differ- 
ence signal, and said digital second color difference 
signal to an analog luminance signal, an analog first 30 
color difference signal, and an analog second color 
difference signal, respectively; and 

color matrixing circuitry responsive to said analog lumi- 
nance signal, said analog first color difference signal, 
and said analog second color difference signal for 
generating said red analog drive signal, said green 
analog drive signal, and said blue analog drive signal. 

35. A television receiver as set forth in claim 34, wherein 
said television signal decoder circuitry operates substan- 
tially in accordance with the MPEG-2 standard. 

36. A television receiver as set forth in claim 35, wherein 
said circuitry for converting said digital descriptions of 
video images to a digital luminance signal having said 
prescribed number of active lines in each field, a digital first 
color difference signal having said prescribed number of 



active lines in each field, and a digital second color differ- 
ence signal having said prescribed number of active lines in 
each field comprises: 
a first vertical scan conversion filter, for reducing the J0 
number of scan lines in portions of said digital descrip- 
tions of video images descriptive of said digital lumi- 
nance signal to said prescribed number of active lines 
in each field; 

a second vertical scan conversion filter, for reducing the 55 
number of scan lines in portions of said digital descrip- 
tions of video images descriptive of said digital first 
color difference signal to said prescribed number of 
active lines in each field; and 
a third vertical scan conversion filter for reducing the 60 
number of scan lines in portions of said digital descrip- 
tions of video images descriptive of said digital second 
color difference signal to said prescribed number of 
active lines in each field. 
37. A television receiver as set forth in claim 36, wherein 65 
said circuitry for converting said digital descriptions of 
video images to a digital luminance signal having said 



prescribed number of active lines in each field, a digital first 
color difference signal having said prescribed number of 
active lines in each field, and a digital second color differ- 
ence signal having said prescribed number of active lines in 
each field further comprises: 
a first horizontal scan conversion filter in cascade con- 
nection with said first vertical scan conversion filter; 
a second horizontal scan conversion filter in cascade 
connection with said second vertical scan conversion 
filter; and 

a third horizontal scan conversion filter in cascade con- 
nection with said third vertical scan conversion filter. 

38. A television receiver as set forth in claim 37, wherein 
blue is said television signal decoder circuitry provides data field 

synchronizing pulses applied to said deflection circuitry as 
vertical synchronizing pulses for controlling the vertical 
sweep component of said raster scanning pattern; wherein 
said television signal decoder circuitry provides data line 
synchronizing pulses; and wherein 
pulse rate divider circuitry divides the rate of said data 
line synchroniz in g pulses to generate horizontal syn- 
chronizing pulses applied to said deflection circuitry for 
controlling the horizontal sweep component of said 
raster scanning pattern. 

39. A television receiver comprising: 
a tuner for receiving high-definition television signals; 
high-definition television signal detection circuitry for 

detecting Gijii'aJVy encoded signals from the modula- 
tion of digital high-definition television signals 
received by said tuner; 
high-definition television signal decoder circuitry for 
decoding the digitally encoded signals to supply raster- 
scanned video signals, for providing high-definition- 
television horizontal synchronizing pulses, and for pro- 
viding high-definition-television vertical synchronizing 
pulses; 

scan converter circuitry responsive to the video signals 
decoded by said high-definition television signal 
decoder circuitry, to generate scan-converted video 
signals in a raster scanning pattern having substantially 
240 active scan lines per field interlaced with the scan 
lines of each field preceding or succeeding that field. 

40. A television receiver as set forth in claim 39, wherein 
■scanned video signals have substantially 720 



active lines in each progressively scanned frame, and 
wherein said scan converter circuitry comprises: 
circuitry for defining alternate ones of said progressively 
scanned frames as odd ones of said frames and for 
defining the other intervening ones of said progres- 
sively scanned frames as even ones of said frames; and 
vertical scan conversion filters for generating said scan- 
converted video signals, each active scan line of each 
odd field of each of said scan-converted video signals 
being generated from a weighted summation of scan 
lines in an odd one of said progressively scanned 
frames, and each active scan line of each even field of 
each of said scan-converted video signals being gen- 
erated from a weighted summation of scan lines in an 
even one of said progressively scanned frames. 
41. A television receiver as set forth in claim 40, wherein 
each active scan line of each odd field of each of said 
scan-converted video signals is generated as a weighted 
summation of six successive scan lines in an odd one of said 
progressively scanned frames, and wherein each active scan 
line of each even field of each of said scan-converted video 



61 



US 6,396,542 Bl 



a weighted summation of five suc- 
cessive scan lines in an odd one of said progressively 
scanned frames. 

42. A television receiver as set forth in claim 41, wherein 
each said active scan line of each odd field of each of said 5 
scan-converted video signals is generated as said weighted 
summation of said six successive scan lines in (Vis):(Vfc): 
( 5 /i8):( 5 /i8):(V«):(Vj8) ratio, and wherein each said active scan 
line of each even field of each of said scan-converted video 
signals is generated as said weighted summation of said five 
successive scan lines in (%):(%): (<A):(M>):(>A>) ratio. 10 

43. A television receiver as set forth in claim 40, wherein 
said circuitry for defining alternate ones of said progres- 
sively scanned frames as odd ones of said frames and for 
defining die other intervening ones of said progressively 
scanned frames as even ones of said frames comprises 15 

a modulo-2 counter for the high-definition-television ver- 
tical synchronizing pulses generated for said progres- 
sively scanned frames, the count from said modulo-2 
counter indicating by a first state thereof that the 
current one of said progressively scanned frames is an 20 
odd one of said frames, and the count from said 
modulo-2 counter indicating by a second state thereof 
that the current one of said progressively scanned 
frames is an even one of said frames. 

44. A television receiver as set forth in claim 39, wherein 2 S 
said raster-scanned video signals have substantially 720 
active lines in each progressively scanned frame, and 
wherein said scan converter circuitry comprises: 

circuitry for defining alternate ones of said progressively 
scanned frames as odd ones of said frames and for 30 
defining the other intervening ones of said progres- 
sively scanned frames as even ones of said frames; 

horizontal decimation filters for each of said raster- 
scanned video signals; and 

vertical scan conversion filters for generating said scan- 35 
converted video signals from the responses of said 
horizontal decimation filters, each active scan line of 
each odd field of each of said scan-converted video 
signals being from a weighted summation of scan lines 
in an odd one of said progressively scanned frames, and 
each active scan line of each even field of each of said 40 
scan-converted video signals being from a weighted 
summation of scan lines in an even one of said pro- 
gressively scanned frames. 

45. A television receiver as set forth in claim 44, wherein 
each active scan line of each odd field of each of said 45 
scan-converted video signals is generated as a weighted 
summation of six successive scan lines in an odd one of said 
progressively scanned frames, and wherein each active scan 
line of each even field of each of said scan-converted video 
signals is generated as a weighted summation of five sue- 50 
cessive scan lines in an odd one of said progressively 
scanned frames. 

46. A television receiver as set forth in claim 44, wherein 
each said active scan line of each odd field of each of said 
scan-converted video signals is generated as said weighted 55 
summation of said six successive scan lines in (Vis):(Mi): 
( 5 /i8):( s /i8):(Vi):(Vi8) ratio, and wherein each said active scan 
line of each even field of each of said scan-converted video 
signals is generated as said weighted summation of said five 
successive scan lines in (*):(%): ('/ 3 ):(%):(Vi,) ratio. 60 

47. A television receiver as set forth in claim 39, wherein 
said scan converter circuitry comprises, for a first said 
raster-scanned video signal being scan converted to a first 
said scan-converted video signal: 

a first odd-line linestore memory read from to supply said 65 
first scan-converted video signal when odd lines of said 
raster scanning pattern are being scanned; 
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a first even-line linestore memory read from to supply 
said first scan-converted video signal when even lines 
of said raster scanning pattern are being scanned; 
a first read/write address multiplexer, for applying read 
a first address rate to said first odd-line 
memory and write addresses at a second 
address rate to said first even-line linestore memory 
when odd lines of said raster scanning pattern are being 
generated, and for applying read addresses at said first 
address rate to said first even-line linestore memory and 
write addresses at said second address rate to said first 
odd-line linestore memory when even lines of said 
raster scanning pattern are. being generated, said second 
address rate being three times said first address rate; 
a first vertical lowpass filter for generating, during odd 
fields in said raster scanning pattern, a first filter 
response to said first raster-scanned video signal that is 
lowpass in at leas! the direction perpendicular to line 
scan, which said first filter response is written to said 
first odd-line linestore memory during the last third of 
each of said even lines of said odd fields of said raster 
scanning pattern being generated and is written to said 
first even-line linestore memory during the last third of 
each of said odd lines of said odd fields of said raster 
scanning pattern being generated; and 
a second vertical lowpass filter for generating, during 
even fields in said raster scanning pattern, a second 
filter response !o said first raster-scanned video signal 
that is lowpass in at least the direction perpendicular to 
line scan, which said second filter response is written to 
said first odd-line linestore memory during the last third 
of each of said even lines of said even fields of said 
raster scanning pattern being scanned and is written to 
said first even-line linestore memory during the last 
third of each of said odd lines of said even fields of said 
raster scanning pattern being scanned. 
48. A television receiver as set forth in claim 47, wherein 
said first and second finite-impulse-response filters together 
include: 

first delay circuitry for delaying said said first raster- 
scanned video signal by one, two, three, four and five 
scan lines thereof; 
first weighted summation circuitry for generating said first 
filter response as a weighted summation of said said 
first raster-scanned video signal and said first raster- 
scanned video signal as delayed by one, two, three, four 
and five scan lines thereof by said first delay circuitry; 



and 

second weighted summation circuitry for generating said 
second filter response as a weighted summation of said 
first raster-scanned video signal and said first raster- 
scanned video signal as delayed by one, two, three, and 
four scan lines thereof by said first delay circuitry. 

49. A television receiver as set forth in claim 47, wherein 
said first finite-impulse-response filter includes: 

a first adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 

a first multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said first adder its 
respective first summand signal; 

a first read-only memory weighting said first raster- 
scanned video signal accordance with a first of two 
vertically interleaving kernel patterns for odd fields of 
said raster scanning pattern and in accordance with a 
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first of two vertically interleaving kernel patterns for weighted summation of four successive scan lines in a field 

even fields of said raster scanning pattern, for supply- of said raster-scanned video signals is made for generating 

ing said first adder its respective second summand input the third of each cycle of four scan lines of said first 

signal; and scan-converted video signal, and wherein a fourth type of 

a first rcad-and-tben-rewrite linestore memory, supplying 5 weighted summation of four successive scan lines in a field 

its read-out to said first odd-line linestore memory for of sald raster-scanned video signals is made for generating 

writing during the last third of each of said even lines the founh of eacb cvcie of four of said first 

of said raster scanning pattern being scanned, supply- scan-converted video signal. 

ing its read-out to the second input of said first muiti- 53 A television receiver as set forth in claim 52, wherein 

plexer for application to said first adder as its respective 10 sald firet type of weighted summation weighs five successive 

first summand signal except during the last third of raster-scanned video signal scan lines in (Vu):(%i)i%i): 

each of said even lines of said raster scanning pattern ( %, ) : 0*0 ra!io > wherein said second type of weighted 

being scanned, and being re-written by said respective summation weighs four successive raster-scanned video 

sum output signal of said first adder. sl &* 1 ^ linc * in (%):(y 5 ):(%o):(Vio) ratio, wherein said 

50. A television receiver as set forth in claim 49, wherein 15 third type of weighted summation weighs four successive 
said second finite-impulse-response filter includes: raster-scanned video signal scan lines in (%o):(%o):(y 1 o): 

a second adder for combining respective first and second ( ^ "5'^ ^ ^ ^ f T" 

— ttl. theret0 ~"- 3 — ^i»S^^~^ V ^ 
sum outpu signal, . . 20 54. A television receiver as set forth in claim 39, wherein 

a second multiplexer having a first input for receiving said raster . scam3ed video signals have substantially 540 
arithmetic zero, having a second input, and having an active ^ m 6ach fie3d iffler!aced ^ , he XUi j Mes of 
output connected for supplying said second adder its each fieId preceding or succeeding mat field< wuerein ^ 
respective first summand signal; high-definition television signal decoder circuitry supplies 

a second read-only memory weighting said first raster- 2S field numbers indicative of the current field is odd or is even, 
scanned video signal in accordance with a second of an d wherein said scan converter circuitry comprises: 
two vertically interleaving kerne! patterns for odd fields horizontal decimation filters for each of said rasler- 
of said raster scanning pattern and in accordance with ^ signals and 

a second of two vertically interleaving kernel patterns vertica! ^ aversion filters for generating said scan- 
for even fields of sa,d raster scanning pattern, for 3Q ajnverted vHde( , SIgn al S> eacb active scan line of each 
supplying said second adder its respective second sum- rxid fidd of each of said xaB ^ ynvcrte(i video signais 

inpu signal; ana being generated from a weighted summation of scan 

a second read-and-then-rewrite linestore memory, supply- Unes in an odd field of said raster-scanned video 

mg its read-out to said first even-line linestore memory signals, and each active scan line of each e ven field of 

for writing during the last third of each of said odd lines 35 eac h 0 f said scan-converted video signals being gen- 
of said raster scanning pattern being scanned, supply- erated from a weighted summation of scan lines in an 

mg its read-out to the second input of said second even field of said raster-scanned video signals, 

multiplexer for application to said second adder as its 55. a television receiver as set forth in claim 54, wherein 
respective first summand signal except during the last a first type of weighted summation of five successive scan 
third of each of said odd lines of said raster scanning 40 lines in a field of said raster-scanned video signals is made 
pattern being scanned, and being re-written by said for generating the first of each cycle of four scan lines of said 
respective sum output signal of said second adder. first scan-converted video signal, wherein a second type of 

51. A television receiver as set forth in claim 39, wherein weighted summation of four successive, scan lines in a field 
said raster-scanned video signals have substantially 540 of said raster-scanned video signais is made for generating 
active lines in each field interlaced with the scan lines of 45 the second of each evele of four scan lines of said first 
each field preceding or succeeding that field, wherein said scan-converted video' signal, wherein a third type of 
high-definition television signal decoder circuitry supplies weighted summation of four successive scan lines in a field 
field numbers indicative of the current field is odd or is even, 0 f said raster-scanned video signals is made for generating 
and wherein said scan converter circuitry comprises: the third of each cycle of four scan lines of said first 

vertical scan conversion filters for generating said scan- 50 scan-converted video signal, and wherein a fourth type of 
converted video signals, each active scan line of each weighted summation of four successive scan lines in a field 
odd field of each of said scan-converted video signals of said raster-scanned video signals is made for generating 
being generated from a weighted summation of scan the fourth of each cycle of four scan lines of said first 
lines in an odd field of said raster-scanned video scan-converted video signal. 

signals, and each active scan line of each even field of 55 56. A television receiver as set forth in claim 54, wherein 
each of said scan-converted video signals being gen- said first type of weighted summation weighs five successive 
erated from a weighted summation of scan lines in an raster-scanned video signal scan lines in (Vii):(%i):(%i): 
even field of said raster-scanned video signals. (%i):(V4i) ratio, wherein said second type of weighted 

52. A television receiver as set forth in claim 51, wherein summation weighs four successive raster-scanned video 
a first type of weighted summation of five successive scan <so signal scan lines in (VS):(V ):( t ( ! , > 1 »tto, wherein said 
lines in a field of said raster-scanned video signals is made third type of weighted summation weighs four successive 
for generating the first of each cycle of four scan lines of said raster-scanned video signal scan lines in (Via): ( 7 /io):( 7 /io): 
first scan-converted video signal, wherein a second type of ( } /io) ratio, and wherein said fourth type of weighted sum- 
weighted summation of four successive scan lines in a field mation of four weighs four successive raster-scanned video 
of said raster-scanned video signals is made for generating 65 signal scan lines in (Wo):(%o):(%):(W) ratio. 

the second of each cycle of four scan lines of said first 57. A television receiver as set forth in claim 51, wherein 
scan-converted video signal, wherein a third type of said scan converter circuitry comprises, for a first said 
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raster-scanned video signal being scan converted to a first 

said scan-converted video signal: 
a second odd-line linestore memory read from to generate 
input signal for a first said kinescope drive amplifier 
when odd lines of said raster scanning pattern are being 
generated; 

a second even-line linestore memory read from to gener- 
ate input signal for said first kinescope drive amplifier 
when even lines of said raster scanning pattern are 
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a third read-only memory weighting said prescribed video 
signal in accordance with a first of two vertically 
interleaving kernel patterns, for supplying said third 
adder its respective second summand input signal; and 
a third read-and-then-rewrite linestore memory, supplying 
its read-out to said second odd-line linestore memory 
for writing during said fourth of each cycle of nine scan 
lines of said first raster-scanned video signal, supplying 
its read-out to the second input of said third multiplexer 
for application to said third adder as its respective first 
summand signal except during said fourth of each cycle 
of nine scan lines of said first raster-scanned video 
signal, and being re-written by said respective sum 
output signal of said third adder. 

60. A television receiver as set forth in claim 59, wherein 
said fourth finite-impulse-response filter includes: 

a fourth adder for combining respective first and second 
summand signals thereto for generating a respective 
sum output signal; 
a fourth multiplexer having a first input for receiving 
arithmetic zero, having a second input, and having an 
output connected for supplying said fourth adder its 
respective first summand signal; 
a fourth read-only memory weighting said first raster- 
scanned video signal in accordance with a second of 
two vertically interleaving kernel patterns, for supply- 
ing said fourth adder its respective second summand 
input signal; and 
a fourth read-and-then-rewrite linestore memory, supply- 
ing its read-out to said second even-line linestore 
memory for writing during said eighth of each cycle of 
nine scan lines of said first raster-scanned video signal, 
supplying its read-out to the second input of said fourth 
multiplexer for application to said fourth adder as its 
respective first summand signal except during said 
eighth of each cycle of nine scan lines of said first 
raster-scanned video signal, and being re-written by 
said respective sum output signal of said fourth adder. 

61. A television receiver comprising: 
a tuner for receiving high-definition television signals; 
high-definition television signal detection circuitry for 

detecting digitally encoded signals from the modula- 
tion of digital high-definition television signals 
received by said tuner; 
television signal decoder circuitry for decoding portions 
of the digitally encoded signals to generate digital 
signals representative of video images; 
sync signal generation circuitry for generating a sync 
signal at substantially the same rate as a normal- 
definition horizontal synchronizing pulse; and 
scan converter circuitry responsive to the video signals 
decoded by said high-definition television signal 
decoder circuitry to generate a respective scan- 
converted video signal having a width-to-height ratio of 
circuitry more than 4:3. 

59. A television receiver as set forth in claim 58, wherein f tekvision re< f ve ' 801 forth m claim . 61 ' whtre , iD 

said third finite-impulse-response filter includes: ^ ^cvmon signal decoder circuitry ^operative to supply 

...... . . . . „ «o indications of which of a plurality of digital television 

a third adder for combining respective first and second standards said received high-definition television signal was 
summand signals thereto for generating a respective transmitted in accordance with; wherein said sync signal 
sum output signal; generation circuitry is operative to divide a rate of high- 

a third multiplexer having a first input for receiving definition-television horizontal synchronizing pulses by one 
arithmetic zero, having a second input, and having an 65 of a plurality of prescribed factors as selected responsive to 
output connected for supplying said third adder its said indications of which of said plurality of digital televi- 
respective first summand signal; sion standards a received high-definition television signal 



a second read/write address multiplexer, for applying read 
addresses at said first address rate to said second 
odd-line linestore memory and write addresses at a 
third address rate to said second even-line linestore 
memory when odd lines of said raster scanning pattern 
are being generated, and for applying read addresses at 
said first address rate to said second even-line linestore 
memory and write addresses at said third address rate 
to said second odd-line linestore memory when even , 
lines of said raster scanning pattern are being 
generated, said third address rate being % times said 
first address rate; 

a third finite-impulse-response filter for generating, dur- 
ing odd lines in said raster scanning pattern, a third ; 
filter response to said first raster-scanned video signal 
that is lowpass in at least the direction perpendicular to 
line scan, which said third filter response is written to 
said second odd-line linestore memory during a fourth 
of each cycle of nine scan lines of said first raster- 3 
scanned video signal; and 

a fourth finite-impulse-response filter for generating, dur- 
ing even lines in said raster scanning pattern, a fourth 
filter response to said prescribed video signal that is 
lowpass in at least the direction perpendicular to line 3 
scan, which said fourth filter response is written to said 
second even-line linestore memory during an eighth of 
each cycle of nine scan lines of said first raster-scanned 
video signal. 

58. A television receiver as set forth in claim 57, wherein •» 
said third and fourth finite-impulse-response filters together 
include: 

delay circuitry for delaying said first raster-scanned video 
signal by one, two and three of those field-interlaced 
scan lines; 4 

third weighted summation circuitry for generating said 
third filter response as a weighted summation of said 
first raster-scanned video signal and said first raster- 
scanned video signal as delayed by one, two and three 
of those progressive-scan scan lines by said second 5! 
delay circuitry; and 

fourth weighted summation circuitry for generating said 
fourth filter response as a weighted summation of said 
first raster-scanned video signal and said first raster- 5 , 
scanned video signal as delayed by one and two of 
those progressive-scan scan lines by said second delay 
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was transmitted in accordance with, to generate rate-divided an appropriate one of said set of vertical scan conver- 
high-deflnition-television horizontal synchronizing pulses; sion filters to implement the generation of said respec- 
and wherein said scan converter circuitry includes: tive scan converted video signal, 
a respective set of vertical scan conversion filters for each 63. A television receiver as set forth in claim 62, wherein 
of said plurality of digital television standards; and 5 each said vertical scan conversion filter is in cascade con- 
selection circuitry responsive to said indications of which nection with a horizontal decimation filter for the same one 
of said plurality of digital television standards said of said plurality of digital television standards, 
received high-definition television signal was transmit- 
ted in accordance with, for selecting the responses from * * * * * 



